To: Jordan, William[Jordan.William@epa.gov]

Cc: Housenger, Jack[Housenger.Jack@epa.gov}; Vogel, Dana[Vogel.Dana@epa.gov]
From: Rowland, Jess

Sent: Mon 4/6/2015 4:27:38 PM

Subject: RE: Three follow up glyphosate questions

CPRC ll.pdf
Hi Bill

Ex. 5 - Deliberative Process

Ex. 5 - Deliberative Process
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Excerpt from the SAP Report
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Panel Response:

In the instance of Glyphosate, the Panel
on renal tumors in male mice are equivocal.
tumors were found in any group, including th
which appear to have exceeded the maximal tol
majority of the pathologists, who examined tl}
in the male control animal, agreed that the ]
renal adenoma. Therefore, statistical analy:
utilize this datum. In addition, the statist
age~adjusted; when this is done, no oncogenic
is demonstrated using concurrent controls. @
currence of three neoplasms in high dose male
using historical controls is statistically hi
thermore, categorization of the oncogenic ri:
plicated by the fact that doses used in the 1
to have reached the maximal tolerated dose.
the Panel does not believe that it is possib]
sate clearly into Group C (possible human ca
evidence of carcinogenicity for humans). The
Glyphosate be categorized as Group D (not cl:
be a data call-in for further studies in rat:
unresolved guestions.

Regarding the issue of using historical
the Panel believes that this has to be decidi
For Glyphosate, the historical control data
reason for concern. However, the level of ci
cal control data was not great enough to dis
emphasis on the concurrent controls.
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Jess Rowland,
Deputy Director

Health Effects Division
703-308-2719

From: Jordan, William

Sent: Friday, April 03, 2015 4:50 PM

To: Rowland, Jess; Miller, David

Subject: RE: Three follow up glyphosate questions

Thanks. If you can look into it on Monday morning, that is soon enough.

Enjoy the day at the museum.

And the lovely weekend {oo.

Bill

William Jordan

Deputy Director, Programs

Office of Pesticide Programs

U. S. Environmental Protection Agency

Phone: 703-305-1049

Fax: 703-308-4776
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Mailing Address: Courier Address:

USEPA Headquarters Potomac Yards South
Clinton Building 2777 Crystal Drive
1200 Pennsylvania Ave., NW Room 12-235

Mail Code (7501P) Arlington, VA

Washington, DC 20460

From: Rowland, Jess

Sent: Friday, April 03, 2015 4:40 PM

To: Jordan, William; Miller, David

Subject: RE: Three follow up glyphosate questions

Ex. 5 - Deliberative Process

Sent from my Windows Phone

From: Jordan, William

Sent: 4/3/2015 3:26 PM

To: Rowland, Jess; Miller, David

Subject: FW: Three follow up glyphosate questions

Ancther question from the NYT folks. Again | would appreciate your help.

Thanks,

Bill
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William Jordan
Deputy Director, Programs
Office of Pesticide Programs

U. S. Environmental Protection Agency

Phone: 703-305-1049

Fax: 703-308-4776

Mailing Address: Courier Address:
USEPA Headquarters Potomac Yards South
Clinton Building 2777 Crystal Drive
1200 Pennsylvania Ave., NW Room 12-235

Mail Code (7501P) Arlington, VA

Washington, DC 20460

From: Boffey, Philip [mailto.phboff@nytimes.com]
Sent: Friday, April 03, 2015 3:24 PM

To: Jordan, William

Cc: Milbourn, Cathy; Daguillard, Robert

Subject: Re: Three follow up glyphosate questions

Sooner is always better.

Did you deal with that odd matter where the IARC seems to have decided that EPA's 1991 report
did show significant increases in cancer in laboratory animals contrary to the agency's analysis at
the time. They refer to an EPA Scientific Advisory Report which apparently said the results were

significant using two statistical tests that IARC recommends.

On Fri, Apr 3, 2015 at 3:12 PM, Jordan, William <Jordan William@epa.gov> wrote:
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Ex. 6 - Personal Privacy
Thanks.

| have put our answers into the clearance process. They should definitely be to you by
Monday, but Robert or Cathy may be able to send them sooner.

Have a good weekend.

Bill

William Jordan
Deputy Director, Programs
Office of Pesticide Programs

U. S. Environmental Protection Agency

Phone: 703-305-1049

Fax: 703-308-4776

Mailing Address: Courier Address:
USEPA Headquarters Potomac Yards South
Clinton Building 2777 Crystal Drive
1200 Pennsylvania Ave., NW Room 12-235

Mail Code (7501P) Arlington, VA

Washington, DC 20460

From: Boffey, Philip [mailto:phboff@nytimes.com]
Sent: Friday, April 03, 2015 3:05 PM
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To: Jordan, William
Cc: Milbourn, Cathy; Daguillard, Robert
Subject: Re: Three follow up glyphosate questions

Hi Bill,
My editorial on glyphosate has been postponed until next week so I don't need your
answers until Monday. No harm in sending something earlier but the pressure is off if

you're feeling lousy or have hit a stumbling block.

Phil

On Fri, Apr 3, 2015 at 7:36 AM, Philip Boffey <phboff@nytimes.com> wrote:

Great. Thanks.

Ex. 6 - Personal Privacy

Sent from my iPhone

On Apr 3, 2015, at 7:30 AM, "Jordan, William" <Jordan. William(@epa.gov> wrote:

Ex. 6 - Personal Privacy but | will try to send answers before noon.

Thanks

Bill

Sent from my Windows Phone

From: Philip Boffey
Sent: 4/2/2015 9:33 PM

To: Jordan, William
Cc: Milbourn, Cathy
Subject: Three follow up glyphosate questions

Hi Bill,

In looking more closely at the Lancet Oncology summary and a
two-page IARC summary issued the same day (March 20), I see they say
there is convincing evidence that glyphosate can cause cancer in
laboratory animals as well as DNA or chromosomal damage in human and
animal cells. One study of residents in several communities where
glyphosate was sprayed found increases in blood markers for
chromosomal damages.

1) Was EPA aware of these studies? Did you also conclude
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there was nothing in them that would change your 1991 conclusions, as
you did with the 55 epidemiological studies?

2) Would I be out on a limb to declare on my own authority
(not attributed to the agency) that it seems unlikely EPA will change
its 1991 judgment that glyphosate is probably not a human carcinogen?
3) An editor asks whether overuse of glyphosate has led to
widespread emergence of glyphosate-resistant weeds. Is that an issue
that EPA considers in regulating pesticides?
An answer tomorrow morning would be greatly appreciated.

Phil Boffey

Sent from my iPad

Philip M. Boffey
Editorial Writer

The New York Times
620 Eighth Avenue
New York, N.Y. 10018

Phone: (212) 556-4485

Fax: (212) 556-3815

Email: phboff@nviimes.com

Philip M. Boffey

Editorial Writer
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The New York Times
620 Eighth Avenue
New York, N.Y. 10018
Phone: (212) 556-4485
Fax: (212) 556-3815

Email: phboff@nviimes.com
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oct 30 |99 OFFICE OF

PESTICIDES AND TOXIC
SUBSTANCES

MEMORANDUM
SECOND Peer Review of Glyphosate

CAS No. 1071-83-6

EPA Chenm. Code 417300
40 CFR 180.364

TOX Chem. No.: 661A
Reg Group: List A (6B)

William Dykstra, Ph.D.

Toxicology Branch I (IRS)

Health Effects Division (H7509C)

and

’ .
George Z. Ghali, Ph.D. é éLyé e/ 7/
ralin

Science Analysis and Coo ation Branch
Health Effects Division (H7509C)

Robert Taylor, PM 25
Fungicide-Herbicide Branch
Registration Division (H7505C)

and

Lois Rossi, Chief
Reregistration Branch
Spacial Review and Reregistration Division (H7508W)

The Health Effects Division Carcinogenicity Peer Review
Committee convened on June 26, 1991 to discuss and evaluate the
waight of the evidence on Glyphosate with particular emphasis on
its carcinogenic potential. The Committee concluded that
Glyphosate should be classified as a Group E (evidence of non-
carcinogenicity for humans), based upon 1lack of convincing
carcinogenicity evidence in adequate studies in two animal species.

It should be amphasized, however, that designation of an agent
in Group E is based on the available evidence at the time of
evaluation and should not be interpreted as a definitive conclusion
that the agent: will not be a carcinogen under any circumstances.

o

&2 Printed on Recycled Paper
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(Signature indicates concurrence
with the peer review unless otherwise stated.)

Penny Fenner-Crisp 0ﬁ7

William L. Burnam

Karl Baetcke

Marcia Van Genert

Esther Rinde

Hugh Pettigrew

Marion Copley
Lucas Brennecke

George Ghali

Peer Review Members in Absentia (Committee members who
were unable to attend the discussion; signature indicates
concurrence with the overall conclusions of the
Committee.)

Reto Engler

Richard Hill

John Quest

Kerry Dearfield

Yin-Tak Woo

Jean Parker ' Non 2onleunt

William Sette el STHO

Robert Beliles Oo ol CoNLLR
Julie Du -ggtﬁ 9 IM

W (Committee or noncommittee members
responsible for data presentation; signature indicates
technical accuracy of panel report.)

William Dykstra M"‘"" qule’*ﬁw
Roger Gardner W 1~ 54
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B.  Backaround Information

Glyphosate is the isopropylamine (IPA) or sodium salt of
N-(phosphonomethyl) glycine, marketed under the trade names of
Roundup, Rodeo, Shackle, and Polado. Glyphosate is a wide spectrum
plant growth regulator herbicide which is used to control grasses,
sedges, and broadleaf weeds. It acts by the inhibition of amino
acid synthesis.

Tolerances established for glyphosate and its aminomethyl
phosphonic acid (AMPA) metabolite in 40 CFR 180.364 include the
following:

IPA salt of glyphosate: soybeans, c¢otton, corn, sorghunm,

wheat, rice, vegetables, citrus fruits, pome fruits, stone

fruits, tropical fruits, pastures, and alfalfa.

Sodium salt of glyphosate: sugarcane.

0O

0
I

HO'C-Cﬂz "NH'CHz-lP-OH

OH
Glyphosate

On February 11, 1985, the carcinogenic poterntial of glyphosate
was first considered by a panel (then called the Toxicology Branch
Ad Hoc Committee) comprised of members of the Toxicology Branch of
the Hazard Evaluation Division. The Committee, in a consensus
review dated March 4, 1985, classified glyphosate as a Group C
carcinogen based on an increased incidence of renal ctubular
adenomas in male mice. According to the consensus review, the
tumor is rare, it coccurred in a dose-related manner, and the
incidence was outside the reported historical control range. The
Comnittee also concluded that dose levels tested in a 26-month rat
feeding study were not adequate for the assessment of glyphosatae's
carcinogenic potential in this species.

The kidney slides from the long-term mouse feeding study were
subsequently reexamined, and one pathologist diagnosed an
additional kidney tumor in control males. These findings were
presented to the FIFRA Scientific Advisory Panel (SAP) which
proposed that glyphosate be classified into Group D (inadequate
animal evidence of carcinogenic potential). The SAP, in their
meeting of February 11-12, 1986 (report dated February 24, 1986),
concluded that, after adjusting for the greater survival in the
high-dose mice compared to concurrent controls, no statistically
significant pairwise differences existed, although the trend was
significant. The SAP further noted that, although comparison of
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these findings to historical control incidences yielded a
statistically significant result, this finding did not override the
lack of pairwise significance of comparisons to concurrent
controls.

The SAP determined that the carcinogenic potential of
glyphosate could not be determined from existing data and proposed
that rat and/or mouse studies be repeated in order to clarify these
equivocal findings.

HED deferred a decision on the repeat of an additiocnal
mouse oncogenicity study until the 1990 rat feeding study had been
evaluated by the Peer Review Committee. i

-

C. Material Evaluated

The material available for review consisted of a document
prepared by Dr. William Dykstra summarizing major scientific and
regulatory issues and relevant toxicology information, data
evaluation records of a combined chronic toxicity/carcinogenicity
study in rats and a carcinugenicity study in mice, the FIFRA
Scientific Advisory Panel report dated Feb 24, 1986, a review of
historical control data on mouse kidney tumors, a toxicology one-
liner for the glyphosate data base and an OPP peer rewview report
entitled "Consensus Review of Glyphosate" dated March 4, 1985.

D. Evaluation of carcinogenicity Data

1. Lankas, G. P. December 23, 1981. A Lifetime 8tudy of
Glyphosate in Rats. Unpublished report No. 77-2062
prepared by BioDynamics, Inc. EPA Acc. Nos. 247617 -
247621. MRID 00093879.

a. Experimental Design

The 1lifetime feeding study in Sprague-Dawley .rats at
50/sex/dose was conducted at dietary concentrations of
glyphosate of 0, 30, 100, and 300 ppm. Thesa concentrations
were adjusted during the course of the study so that actual
doses of 0, 3, 10, and 31 mg/kg/day in males and 0, 3, 11, and
34 mg/kg/day in female rats were maintained.

b. Digcussion of Tumor Data

An increase in the incidence of interstitial cell tumors of
the testes was observed in male rats. Because of the absence
of a dose-response relationship, the lack of preneoplastic
changes, the wide variability in the spontaneous incidence of
this tumor, the similarity in incidences between the high-dose
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group and the historical controls, and lack of any evidence of
genotoxicity, it was concluded by the previous Peer Review
Committee that the observed incidence did not reflect a
carcinogenic response.

Additionally, there was the question of possible thyroid
carcinomas in high-dose females. After a review of the slides
by a consulting pathologist, and a reassessment of all
relevant data, including the fact that no effect of treatment
on tumor latency or the combined incidences of adenoma and
carcinoma was apparent, the earlier Peer Review Committee
concluded that the data did not demonstrate a carcinogenic
response in the thyroid.

c. Nonneoplastic Iesions = and Adequacy _of _ Dosing
Considerations

No effect of treatment on the incidence of nonneoplastic
lesions was noted. No effects of treatment on survival, body
weight gain, clinical pathology, or findings at necropsy were
noted. Therefore, there is no evidence that the highest dose
tested was adequate to evalnate the carcinogenic potential of
glyphosate.

2. Stout, L. D. and Ruecker, F. A. (1990). Chronic Study of
glyphosate Administered in Feed <to Albino Rata.
Laboratory Project No. MBL~10495; Sept. 26, 1990. MRID
No. 416438-01;: Historical Controls; MRID No. 417287-00.

a.  Experimental Design

This chronic toxicity/carcinogenicity study in the rat was
submitted to the Agency as a replacement study for the 26~
month 1981 chronic toxicity/carcinogenicity study in the rat.
In this study, randomized groups of 60 male and 60 female
young (8 weeks o0ld) Sprague-Dawley rats were fed dietary
levels of 0, 2000, 8000, or 20,000 ppm or the equivalent of 0,
100, 400, and 1000 mg/kg/day of technical glyphosate for 2
years. At 12 months, 10 animals/sex/group were sacrificed.

b. DRiscussion of Tumor Data

Age-adjusted, statistical analyses of the tumor data are
presented. The most frequently observed tumors in this study
were pancreatic islet cell adenomas in males, thyroid C-cell
adenomas and/or carcinomas in males and females, and
hepatocellular adenomas and carcinomas in males. The
following is a discussion of each type of tumor.
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i. Pancreas (Tables 1 - 3)

Low-dose and high~dose males had a statistically significant
increased incidence of pancreatic islet cell adenomas.

‘Table 1: Glyphosate - Sprague-Dawley Male Rats, Pancreatic Islet
Cell Tumor Rates’ and Cochran-Armitage Trend Test and
Fisher's Exact Test Results (p values).

—Dose {(ppm)
Tumors —~—0 2000 8000 20,000
Carcinomas 1/43" 0/45 0/49 0/48
(%) (2) (0) ‘ (0) (0)
p = 0.159  0.409(n) 0.467(n) 0.472(n)
Adenomas - 1/43 8/45 5/49 7/48°
(%) (2) (18) , (10) (15),
p = 0.170 0.018 0.135 0.042
Adenomas/carcinomas 2/43 8/45 5/49 7/48
(%) (5) (18) (10) (15)
p = 0.241 0.052 0.275 0.108
Hyperplasia only 2/43 0/45 3/49 2/48°
(%) (S) (0) (6) (4)
p = 0.323 0.236 0.526 0.649

rY

Number of tumor-bearing animals/Number of animals examined,
excluding those that died or were sacrificed before week 55.

: First carcinoma observed at week 105, dose O ppm.
. First adenoma observed at week 81, dose 20000 ppm.
4 First hyperplasia observed at week 91, dose 20000 ppm.
P £ 0.05; Fisher's Exact test with Bonferoni correction.
Note:

Significance of trend denoted at Control. Significance of’
pair-wise comparison with control denoted at Doge level. If
then p < 0.05.
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Historical control data on the incidence of pancreatic islet
cell adenomas from Monsanto's EHL are shown in Table 2 below.

Table 2: EHL 87122 -~ Historical Control Information for
Histopathological Findings (All Deaths)

Terminal | Months Study
Necropsy of Length No. No. % .
Study Date {(Months) Observed | Affected | Affected

07/83 24 68
02/85 23 59
10/85 24° 69
06/85 24 57
09/88 24 60
01/89 24 60
03/89 24 59

Committee's interpretation: Although the incidences of the
pancreatic islet cell adenomas at the low-, mid- and high~dose

groups exceeded the historical control range of 1.8 to 8.5
percent in male rats, there was no statistically significant
positive dose-related trend in the occurrence of these tumors
in males, no progression to carcinoma, and the incidence of
hyperplasia was not dose~related. Therefore, the pancreatic
islet cell tumors were not considered to be compound-related.
It was also noted that the incidence of this lesion in the
concurrent control for males was at the low end of the
historical control range. The Committee concluded that the
apparent statistical significance of the pairwise comparisons
of the treated male groups with the concurrent control might
have been attributable to this factor and not to actual
carcinogenic response.

The incidences of islet cell pancreatic tumors in the earlier
rat study (Bio/dynamics Project No. 77-2062) are shown in
Table 3. The incidence of pancreatic islet cell tumors for
the two studies does not show a dose-related increase in
adenomas or adenoma/carcinoma combined and is within the range
of open literature control data for male Sprague-Dawley rats
(0 to 17%) for unadjusted data.
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Table 3: Incidence of Pancreatic Islet Cell Tumors in Male
Sprague-Dawley Rats Given Diets Containing Glyphosate for
26 Months (first rat feeding study).

Tumorsg , 10

Hyperplasia
(%) (6)

Adenomas

(%) (0)

Carcinomas

(%) (0)

Adenoma/carcinoma
(%) (0)

ii. Thyreid (Tables 4 - 6)

C-cell adenomas were slightly increased in male and female
mid- and high-dose groups as shown in Tables 4 and 5.
Historical control ianges for the thyroid tumors in Sprague-
Dawley rats were reported as shown in Table 6.

committee's interpretation: Although C-cell adenonas
slightly exceeded the historical control range for both sexes,
there was no statistically significant trend or pairwise
comparison with controls in males. In females, the incidence
of C-cell adenomas was not statistically significant in the
pairwise comparison with controls but had a statistically
significant positive dose-related trend. However, there was
no progression to carcinoma in a dose-related manner, and no
significant dose-~related increase in severity of grade or
incidence of hyperplasia in either sex. Therefore, the C-cell
adinomas in males and females are not considered compound-
related.

hebuiiatdiagic: 5
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Table 4: Glyphosate ; Sprague-Dawley Male Rats, Thyroid c-Cell
Tumor Rates and Cochran-Armitage Trend and Fisher's
Exact Test Results (p values). :

Jumors

Carcinonas
(%)
pﬂ

Adenomas
(%)
p‘

Adenoma/carcinoma
(%)
pﬁ

Hyperplasia only
(%)
p:

First carcinoma observed at week 93 at 8000 ppm.

First adenoma observed at week 54 at 0 ppm.

First hyperplasia observed at week 54 at 8000 ppm.

Number of tumor-bearing animals/Number of animals examined,
excluding those that died or were sacrificed before week 55.

Note: Significance of trend denoted at Control. Significance of

pair-wise comparison with control denoted at Dose level. If
then p < 0.05.
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Table 5: Glyphosate - Sprague-Dawley Female Rats, Thyroid C-Cell
Tumor Rates and Cochran-Armitage Trend Test and Fisher's
Exact Tests Results (p values).

umors

Carcinomas 0/57 0/60
(%) (o) - (0)

Adenomas 2/57 2/60
(%) (4) , (3)
p= 0.031 0.671(n)

Adencma/carcinoma 2/57 2/60
(%) (4) , (3)
p = 0.033 0.671(n)

Hyperplasia only 10/57° 5/60
(%) (18) (8) (7)
p = 0.113 0.112 0.086(n)

First carcinoma observed at week 93 at 8000 ppm.
First adenoma observed at week 72 at 0 ppm.
First hyperplasia observed at week 54 at 8000 ppm.

Number of tumor-bearing animals/Number of animals examined,
excluding those that died or were sacrificed before week 55.

(n) Negative éhange fiom control.

Note: Significance of trend denoted at Control. Significance of

pair-wise comparison with control denoted at Doge level. If
then p < 0.05.
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Table 6: Higstorical Control pata for the
Incidence of Thyroid c-cell
Tumors in Sprague-Dawley Strain

Rats.
—Range (%)
mmmﬁmma

Carcinomas 0.0 -« 2.9
Adenomas
Hyperplasia

1ii. Liver (Table 7) .

There was a slight dosa-related increase in hepatocellular
a8 in males but the incidence was within the range of
The reported

ranged from 1.4 to 18.3%.
increases in the incidences of

i1

o xmummi,'”w LA s 1
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Table 7: Glyphosate - Sprague-Dawley Male Rats, Hepatocellular
Tumor Rates and Cochran-Armitage Trend and Fisher's
Exact Test Results (p values).

—Rese (ppm)
Iumors -0 2000 8000 20,000

Carcinomas 3/44 2/45 1/49 2/48"
%) (7) (4) (2) ()
p= 0.324  0.489(n) 0.269(n) 0.458(n)

Adencmas 2/44 2/45 3/49 7/48"
(%) ' (5) -, (4) (6) (15)
p = 0.016  0.683(n) 0.551 0.101

Adenoma/carcinoma 5/44 4/45 4749 9/48
(%) (11) (9) (8) (19)
P = 0.073 0.486(n) 0.431(n) 0.245

Hyperplasia only 0/44 0/45 1/49° 0/48
(%) (0) (0) (2) (0)
p = 0.462 1.000 0.527 1.000

First carcinoma observed at week 85 at 20,000 ppm.
First adenoma observed at week 88 at 20,000 ppmn.
First hyperplasia observed at week 89 at 8000 ppm.

Number of tumor-bearing animals/Number of animals examined,
excluding those that died or were sacrificed before week 55.

Note: Significance of trend denoted at Control. Significance of
pair-wise comparison with control denoted at Doge level. If
then p < 0.05.

Committea's interpretation: Despite the slight dose-related
increase in hepatocellular adenomas in males, this increase
was not significant in the pair-wise comparison with controls
and was within the historical control range. Furthermore,
there was no progression from adenoma to carcinoma and
incidences of hyperplasia were not compound-related.

" Therefore, the slightly increased occurresnce of
hegatoaellular adenomas in males is not considered conpound-
related. :

T N R
R RN s 7R otan Bl o tnt i iy e Ece
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c. Nonneoplastic lesions

There were no compound-related nonneoplastic lesions.

The HDT was 20,000 ppm which is the 1limit dose for
carcinogenicity testing in rats. However, it appears that
animals c¢could have tolerated higher doses.

3. Hogan, G. K. (1983). A chroniec feeding study of
glyphosate in mice. Unpublished report prepared by
Bio/Dynamics Inc., dated July 21, 1983. Report No. 77~
20681. BRPA Acc. Nos. 251007 = 251009, and 251014.

a. Experimental Desian
Groups of 50 male and 50 female CD~1 mice were administered

glyphosate in the diet at concentrations of 1000, 5000, or
30,000 ppm for 18 months.

b. Discussion of Tumor Data

Glyphosate produced an equivocal carcinogenic response in
males characterized by an incidence of renal tubular
neoplasms of 1/49, 0/49, 1/50, and 3/50 in the control, low-,
mid=-, and high-dose groups, respectively. No kidney tumors
were found in females. Historical control data from 16
studies terminated between 1978 and 1982 provided by the
testing laboratory indicated that the incidence of this type
of tumor was found in 2/19 control groups (1/54 and 2/60, or
a total of 3/1286).

The Toxicology Branch Ad Hoc Oncogenicity Peer Review
Committee, in their meeting of February 11, 1985, tentatively
classified glyphosate as a "Class C" carcinogen (report dated
March 4, 1985). The kidney slides were reexamined by a
consulting pathologist, and data were submitted indicating
that an additional kidney tumor had been found in control
males (the incidence in the control group was originally
reported as 0/49 before the reexamination of the slides).

The Agency then requested that additional kidney sections
from the mouse study be prepared and examined. The resultant
microslides were examined by a number of pathologists. These
examinations revealed no additional tumors, but confirmed the
presence of the tumors identified in the original study
raport. The tumor in the contreol kidney was not present in
any of the additional sections.

g&w ku«av ’Q‘;ﬁ;ﬁm & :; 3 ihrs‘ibnfiaﬂxirsér':mn sinw Yo by dik P T s M N S PIRDS PR S N SN T PR TS SR A2 LT LA SR S R
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Because of the equivocal nature of the findings, the
Toxicology Branch A3 Hoc Oncogenicity Peer Review Committee
asked the expert assistance of the FIFRA Scientific Advisory
Panel (SAP) in determining the proper Weight-of-the-Evidence
classification of the study. After reviewing all the
available evidence, the SAP, in their meeting of February 11-
12, 1986, proposed that glyphosate be classified as "Class
D," or having "inadequate animal evidence of oncogenicity."
The principal reason for this assessment by SAP was their
determination that, after adjusting for the greater survival
in the high-dose mice compared to concurrent controls, no
statistically significant pairwise differences existed,
although the trend was significant. The SAP further noted
that, although comparjison of these findings to historical
control incidences yielded a statistically significant
result, this finding did not override the lack of pairwise
significance of comparisons to concurrent controls.

The SAP determined that the carcinogenic potential of
glyphosate could not be determined from existing data and
proposed that rat and/or mouse studies be repeated in order
to clarify these equivocal findings.

Committea's interpretation: In their meeting of June 26,

1991, the Health Effects Carcinogenicity Peer Review
Committee concluded that despite the fact that the incidence
of renal tubular neoplasm in the high dose males exceeded
that of historical controls, the biological significance of
the findings was questionable because of: a) lack of
significance in pairwise comparison with concurrent controls,

b) there was no concurrent increase in non-neoplastic renal

tubular laesions in male mice (e.qg. tubular
necrosis/regeneration, hyperplasia, hypertrophy ..ete¢), ¢)-
the examination of multiple sections of kidneys from all

groups resulted in no additional neoplasms; this fact is
particularly important since not only were the original

sections closely scrutinized by more than one pathologist,

but additional sections as well, and 4) increased incidence
in high dose group was very small compared to control

considering the very high concentration which produced highly
significant reduction in body weight gain in males.

Furthermore, the increased incidence of chronic interstitial
nephritis in males is not relevant to the tubular neoplasnms.

There was actually a decrease in renal tubular epithelial

changes (basophilia and hyperplasia) in males, and although
there was a dose-related increase in these changes in female
mice, no tubular neoplasms were observed in females.
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c. Nonneoplastic lesions:

Other nonneoplastic changes noted in high-dose male mice
included centrilobular Thypertrophy and necrosis of
hepatocytes, chronic interstitial nephritis, and proximal
tubule epithelial cell basophilia and hypertrophy in the
kidneys of females. The no-observable-effect level (NOEL)
for nonneoplastic chronic effects was the mid-dose level,
5000 ppm.

Glyphosate was tested in this study at levels higher than the
limit dose. Body weight gain in males of the high dose was
13, 17 and 27% less than the controls at 3, 12 and 24 months
respectively. The decrease in body weight gains was
statistically significant (p < 0.01). This effect was less
obvious in females. The dosaes tested were considered
adequate for the carcinogenic potential assessment of
glyphosate.

additional Toxicology Data on Glvphosate
1. Metabolism

When Sprague~Dawley rats were given a single oral dose of .
C~14 glyphosate, 30 to 36 percent of orally administered
glyphosate was absorbed.

Data showed that less than 0.27 percent of the dose was
expired as CO, within 24 hours. Glyphosate, per se, was the
highest radiolabeled material found in the urine and feces.
The minimum level of ¢lyphosate extracted from urine and
feces was 97.5 percent. Amino methyl phosphonic acid (AMPA)
was found in the excreta of animals at levels of 0.2 to 0.3
percent and 0.2 to 0.4 percent in urine and feces,
respectively. No detectable AMPA metabolite was found in
intravenously dosed rats and high dose, orally dosed rats.
Theres were no other metabolites of glyphosate found.

Based on analysis of radiocactivity in urine and feces and
using the "sigma~minus" plotting method, males and females
had alpha half-lives of 2,11 and 7.52 hours and 5.00 to 6.44
hours, respectively. The beta half-lives of males and
females in these groups ranged from 69.0 to 181 hours for
males and 79.9 to 337 hours for females.

Less than 1 parcnnﬁ of the absorbed dose remains in tissues
and organs, primarily bone. Repeated dosing with glyphosate

15
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does not significantly change the metabolism, distribution,
or excretion of glyphosate.

N-Nitrosoglvphosate (NNG)

The Agency has determined that carcinogenicity testing of
nitroso contaminants will normally be required only in those
cases in which the level of nitroso compounds exceeds 1.0 ppm
[see "Pesticide cContaminated with N-nitroso Compounds,
proposed policy 45 FR 42854 (June 25, 1980)"]. The levels of
NNG in technical glyphosate have been examined by HED.

The gverall NNG content in individual samples of technical
glypnosate analyzed at production plants is shown below:

NNG Observed
{ppb)

2035 < 1000
124 1000 - 1500
24 1500 - 2000
13 2000 - 3000
2 > 3000

The overall data show that 92.6 percent of the individual
glyphosate samples analyzed contain less than 1.0 ppm (1000
ppb) of NNG. TB concluded that the NNG content of glyphosate
technical is not toxicologically significant.

2. Mutagenicity

Glyphosate has been tested in several mutagenicity assays and
found to be negative in each of the three categories
recommended for evaluating genotoxic potential. The
acceptable studies include the following: Salmonella assay,
both with and without $-9, up to toxicity or 5000 yg/plate, in
vivo cytogenetic assay in rat bone marrow up to 1000 mg/kg,
mammalian gene HGPRT mutation assay in CHO cells in vitre both
with and without $-9 up to toxic levels (10 mg/mL) and rec
assay with B. subtilis up to 2000 ug/disk.

Unaccnptahlu studies which were also nnguti %P?ﬁ&?‘d/
R T dn ra s M RRESTY S e Dot enT 8- 330043 gooo ng/Xg.

3. Developmental and Reproductive Toxicity

In rats, doses up to 3500 mg/kg/day showed no evidence of
malformations. Evidence of developmental toxicity in the form
of unossified sternebrae and decreased fetal body weight was
noted in fetuses from the high dose (3500 mg/kg/day). This
dose was also toxic to dams as evidenced by weight gain

. N
- G e o e v . .
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deficits, altered physical appearance, and mortality during
treatment. The developmental and maternal toxic NOEL for this
study was 1000 mg/kg/day.

In rabbits, doses up to 350 mg/ky/day showed no evidence of
malformations. The highest dose tested was toxic to does as
evidenced by altered physical appearance and mortality. No
treatment-related developmental effects were noted. The NOEL
for maternal toxicity is 175 mg/kg/day and the NOEL fcr
developmental toxicity is 350 mg/kg/day.

In a three-generation reproduction study in the rat, the only
toxicologically significant finding was focal renal tubular
dilation in the kidneys of male pups from the Fy, generation
of high-dose dams (30 my/kg/day). The NOEL for this effect
was 10 mg/kg/day. No effects on fertility, reproductive, or
other study parameters were noted.

4. Structure - Activity Relatjonships

Currently there are no structurally related pesticides
registered by the Agency which resemble glyphosate. A
nonregistered pesticide, sulfosate, has been reviewed for
carcinogenic potential in mice and rats and reported to be
negative.

5. Acute, Subchronic and chronic Feeding/ Oncogenicity Data

Glyphcsatc is not considered to be toxic to mammals (rat oral
o ©f 4320 mg/kg (both sexes), and a dermal LD, greater than
7940 mg/kg in rabbits).

A 1l-year chronic feeding study in dogs at 6/sex/dose was
conducted wusing doses of 0, 20, 100, and 500 mg/kg/day,
administered by capsule, The NOEL for the study was 500

mg/kg/day (HDT).
Height of the Evidence Considerations

The Committee considered the following findings to be of
significance regarding the weight-of-the-evidence
determination of the carcinogenic pqtcntial of glyphosate.

1. Glyphosate was associated with increased incidences of
pancreatic islet cell adenomas in male Sprague-Dawley rats at
all treatment levels in comparison to the concurrent control
group (Table 1). Although the low- (18%), mid- (10%) and
high-dose group (15%) incidences exceeded the 1.8 to 8.5%
range of historical controls from Monsanto's EHL data base,
the pancreatic islet cell adenomas were not considered
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compound-related for the following reasons: a) there was no
statistically significant positive dose-related trend in the
occurrence of these tumors or in the incidence of hyperplasia
in males over the wide range of dosing (2000 to 20000 ppm),
and b) there was no progression to carcinoma. Tertiary
evidence from the open literature cited by the registrant
showed a range of 0 to 17% for pancreatic islet cell adenomas
in Sprague-Dawley male rats for unadjusted data. The
incidence of pancreatic islet cell tumors for the two rat
studies does not show a dose-related increase in adenomas or
adenoma/carcinoma combined and is within the range of open
literature control data for male Sprague-Dawley rats (0 to
17%) for unadjusted data.

No increased incidence of these tumors was observed in female
rats in comparision to concurrent controls.

2. C-cell adenomas were slightly increased in male and
female mid~ and high-dose groups in the rat (Tables 4 and 5).
Although C-cell adencmas slightly exceeded the historical
control range for both sexes, there was no statistically
significant trend or pairwise comparison with controls in
males. In females, the incidence of C-cell adenomas was not
statistically significant in the pairwise comparison with
controls but had a statistically significant positive dose-
related trend. However, there was no progression to carcinoma
in a dose~-related manner, and no significant dose-related
increase in severity of grade or incidence of hyperplasia in
either sex. Therefore, the C~cell adenomas in males and
females are not considered compound-related.

3. There was a slight dose-related increase in
hepatocellular adenomas in male rats (Tabla 7), but the
incidence was within the range of historical controls from
Monsanto's EHL. This increase was not significant in the
pair-wise comparison with controls and there was no
progression from adenoma to carcinoma. The incidence of
hyperplasia was not compound~related. There were no dose-
related increases in the incidences of other hepatocellular
lesions. Therefore, the increased incidence of hepatocellular
adenomas in males was not considered compound-related.

4. Glyphosate produced an equivocal carcinogenic response in
male mice characterized by an incidence of renal tubular
neoplasms of 1/49, 0/49, 1/50, and 3/50 in the control, low-,
mid=-, and high-dose groups, respectively. No kidney tumcrs
warae found in females. Historical control data from 16
studies terminated between 1978 and 1982 provided by the
testing laboratory indicated that the incidence of this type
of tumor was found in 2/19 control groups (1/54 and 2/60, or
a total of 3/1286).

14
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Despite the fact that the incidence of renal tubular neoplasm
in the high dose males exceeded that of historical controls,
the biological significance of the findings was questionable
because of: a) lack of significance in pairwise comparison
with concurrent controls, b) there was no concurrent increase
in non-neoplastic renal tubular lesions in male mice (e.g.
tubular necrosis/regeneration, hyperplasia, hypertrophy
..atc), c) the examination of multiple sections of kidneys
from all groups resulted in no additional neoplasms; this fact
is particularly important since not only were the original
sections closely scrutinized by more than one pathologist, but
additional sections as well, and d) increased incidence in
high dose group was very small compared to control considering
the very high concentration which produced highly significant
reduction in body weight gain in males. Furthermore, the
increased incidence of chronic interstitial nephritis in males
is not relevant to the tubular neoplasms. Thers was actually
a decrease in renal tubular epithelial changes (basophilia and
hyperplasia) in males, and although thers was a dose-related
increase in these changes in female mice, no tubular neoplasas
waere observed in females. Overall, tha Peer Review Committee
did not feel that this lesion was compound-related.

5. Glyphosate was tested up to the limit dose in the rat,
and up to levels higher than the limit dose in mice.

6. There was no evidence of genotoxicity for glyphosatae.

7. Currently there are no structurally related pesticides
registered by the Agency which resemble glyphosate. A
nonregistered pesticide, sulfosate, has been reviewed for
carcinogenic potential in mice and rats and was reported to be
negative.

G. classification:

Considering criteria contained in EPA Guidelines (FR
51:33992-34003, 1986] for classifying a carcinogen, the Committee
concluded that Glyphosate should be classified as a Group E
(evidence of non-carcinogenicity for humans), based on lack of
convincing carcinogenicity evidence in adequate studies in two
animal species.

It should be emphasized, however, that designation of an agant
in Group E is based on the available evidence at the time of
evaluation and should not be interpreted as a definitive conclusion
that the agent will not be a carcinogen under any circumstancas.
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To: JENKINS, DANIEL J {AG/1920][daniel.j.jenkins@monsanto.com]; Housenger,
Jack[Housenger.Jack@epa.gov]; Keigwin, Richard[Keigwin.Richard@epa.gov]; Overstreet,
Annejoverstreet.anne@epa.gov}; Rowland, Jess[Rowland.Jess@epa.gov]

From: JENKINS, DANIEL J [AG/1920]

Sent: Fri 3/27/2015 12:35:02 PM

Subject: RE: official german regulator translation of response to IARC

L
L

Sorry, for the resend, but please note their statements re EPA

Dan Jenkins
U.S. Agency Lead

Regulatory Affairs
Monsanto Company
1300 1 St., NW

Suite 450 East
Washington, DC 20005

Office: 202-383-2851

Cell: 571-732-6575

From: JENKINS, DANIEL J [AG/1920]

Sent: Friday, March 27, 2015 8:26 AM

To: Housenger, Jack; 'Keigwin, Richard'"; 'Overstreet, Anne'; 'rowland.jess@epa.gov'
Subject: official german regulator translation of response to IARC

FYI

hitp://www . bfr.bund.de/cm/349/does-glvphosate-cause-cancer.pdf

Dan Jenkins
U.S. Agency Lead
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Regulatory Affairs
Monsanto Company
1300 1 St., NW

Suite 450 East
Washington, DC 20005

Office: 202-383-2851

Cell: 571-732-6575

This e-mail message may contain privileged and/or confidential information,
and is intended to be received only by persons entitled

to receive such information. If you have received this e-mail in error, please
notify the sender immediately. Please delete 1t and

all attachments from any servers, hard drives or any other media. Other use of
this e-mail by you is strictly prohibited.

All e-mails and attachments sent and received are subject to monitoring,
reading and archival by Monsanto, including its

subsidiaries. The recipient of this e-mail 1s solely responsible for checking
for the presence of "Viruses" or other "Malware'.

Monsanto, along with 1ts subsidiaries, accepts no liability for any damage
caused by any such code transmitted by or accompanying

this e-mail or any attachment.

The information contained in this emall may be subject to the export control
laws and regulations of the United S5States, potentially

including but not limited to the Export Administration Regulations (EAR) and
sanctions regulations issued by the U.S. Department of

Treasury, Office of Foreign Asset Controls (OFAC). As a recipient of this
information you are obligated to comply with all

applicable U.5. export laws and regulations.
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To: Housenger, Jack[Housenger.Jack@epa.gov}
Cc: Strauss, Linda[Strauss.Linda@epa.gov]
From: Jones, Jim

Sent: Tue 3/24/2015 7:37:17 PM

Subject: Re: FW:

Thx. Sharing with Linda. Jim
Sent from my iPhone

On Mar 24, 2015, at 8:57 AM, Housenger, Jack <Housenger.Jack@epa.gov> wrote:

fyi

From: JENKINS, DANIEL J [AG/1920] [mailto:daniel j.jenkins@monsanto.com]
Sent: Tuesday, March 24, 2015 10:24 AM

To: JENKINS, DANIEL J [AG/1920]; Goodis, Michael

Cec: Keigwin, Richard; Cyran, Carissa; Rowland, Jess; Anderson, Neil; Housenger, Jack
Subject: RE:

The German Regulators have responded. We hope that EPA would consider the
following in their approach to responses:

Does Glyphosate cause cancer?

(English translation of text at http://www.bfr.bund.de/cm/343/loest-glyphosat-krebs-
aus.pdf)

Communication 007/2015 BfR March 23, 2015

Glyphosate, the ingredient in plant protection products, was deemed non-carcinogenic
after review by national, European and other international institutions including the Joint
Meeting on Pesticide Residues of the World Health Organisation and UN Food and
Agriculture Organisation, of all the studies at their disposal.

At a meeting of the International Agency for Research on Cancer (IARC) of the World
Health Organization in Lyon in March 2015, experts gathered to discuss glyphosate and,
based on the studies they looked at, came to a different classification, namely as a
Group 2A carcinogen, or “probably” carcinogenic for humans. This Classification was
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published in a short report in the journal "Lancet" on March 20, 2015.

The (German) Federal Institute for Risk Assessment (BfR) was appointed EU rapporteur for
glyphosate as part of the EU re-evaluation and is commenting on this IARC Classification
on the basis of the summary that was published.

Seventeen experts from 11 countries met at the IARC in March 2015 to weigh the
carcinogenicity or potential carcinogenicity of four organophosphates and

glyphosate, none of which has been classified by the competent European authorities as
carcinogenic or mutagenic.

On the basis of the information at the BfR’s disposal, the classification of glyphosate in the
Lancet on March 20 as belonging to Group 2A (probably carcinogenic to humans)

1s scientifically hard to follow and apparently based on very few studies. The IARC
decision cannot be judged definitively, however, since the final TARC Monograph, in which
its decision will be backed up with more information, is not yet published.

The recently published TARC classification is based partially on indications of carcinogenic
effect in human studies, i.c. a statistical relationship between exposure to glyphosate and an
increased risk of non-Hodgkin lymphomas. This risk is derived from three epidemiological
studies from the USA, Canada and Sweden. However, this conclusion was not shared a very
large scale “Agricultural Health Study”, also cited, or by other studies. In

the current report of the BfR to the EU, on the other hand, over

30 epidemiological studies were evaluated. In the comprehensive opinion, there was no
proven relationship between exposure to glyphosate and an increased risk of non-
Hodgkin’s lymphoma or other types of cancer.

Furthermore, IARC advances findings from animal testing as proof of a carcinogenic
effect of glyphosate. All of these findings were also considered in the glyphosate
appraisals of the BfR, the EU institutions and the Joint Meeting on Pesticide Residues
of the WHO and FAQ, which is responsible for the appraisal of pesticide ingredients.
These organizations came to the overall conclusion that glyphosate is not
carcinogenic. The BfR does not know how many of the 11 long-term studies on rats and
mice considered valid by the BfR were available to the IARC.

The theory advanced in one study that skin tumors could be caused by a highly
concentrated, irritant formulation with the ingredient were also not regarded by the EU
institutions as proof for the carcinogenic qualities of glyphosate.

Indications for a gene toxic potential of glyphosate cannot be concluded from IARC’s
published summary, since the review also included formulations that were not further
described.

The fact that different bodies reach different conclusions from different information and

interpretations of experimental data is a daily reality in risk assessment. The BfR will
examine IARC sclassification in detail once the Monograph is published.
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Dan Jenkins
U.S. Agency Lead

Regulatory Affairs
Monsanto Company
1300 1 St., NW

Suite 450 East
Washington, DC 20005

Office: 202-383-2851

Cell: 571-732-6575

From: JENKINS, DANIEL J [AG/1920]}

Sent: Monday, March 23, 2015 10:10 AM

To: 'goodis.michael@epa.gov'

Cc: 'Keigwin, Richard’; 'Cyran, Carissa'; rowland.jess@epa.gov'; 'anderson.neil@epa.gov'
Subject:

Mike:

Per our phone conversation. We hope EPA will correct mistakes or absences of
fact with respect to its record on glyphosate (including the 2013 statement and the
AHS study) as it relates to carcinogenicity.

2009 EPA Glyphosate Reg Review

Carcinogenicity was not identified as a concern in the work plan
hitp:/lwww.epa.govioppsrrdi/registration review/glyphosate/
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2013 Federal Register Notice (FR 25396 Vol. 78, No. 84, Wednesday, May 1, 2013)
Final Rule new tolerances in or on multiple commodities: “EPA has concluded that
glyphosate does not pose a cancer risk to humans.”

httn:/f'www.epo.gov/idsvs/pke/FR-2013-05-01/pdf/2013-10316.0df

“For the herbicide glyphosate, there was /imited evidence of carcinogenicity in humans for
non-Hodgkin lymphoma. The evidence in humans is from studies of exposures, mostly
agricultural, in the USA, Canada, and Sweden published since 2001. In addition, there is
convincing evidence that glyphosate also can cause cancer in laboratory animals. On the
basis of tumours in mice, the United States Environmental Protection Agency (US EPA)
originally classified glyphosate as possibly carcinogenic to humans (Group C) in 1985.
After a re-evaluation of that mouse study, the US EPA changed its classification to evidence
of non-carcinogenicity in humans (Group E) in 1991. The US EPA Scientific Advisory
Panel noted that the re-evaluated glyphosate results were still significant using two
statistical tests recommended in the IARC Preamble. The IARC Working Group that
conducted the evaluation considered the significant findings from the US EPA report and
several more recent positive results in concluding that there is sufficient evidence of
carcinogenicity in experimental animals. Glyphosate also caused DNA and chromosomal
damage in human cells, although it gave negative results in tests using bacteria. One study
in community residents reported increases in blood markers of chromosomal damage
(micronuclei) after glyphosate formulations were sprayed nearby.”

htip://www.thelancet.com/journals/lanonc/article/PlS1470-2045(15)70134-
8/abstract

hito://www _iarc.fr/en/media-centre/iarcnews/pdf/MonographVolume112 . pdf

Thanks,
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Dan Jenkins
U.S. Agency Lead

Regulatory Affairs
Monsanto Company
1300 1 St., NW

Suite 450 East
Washington, DC 20005

Office: 202-383-2851

Cell: 571-732-6575

This e-mail message may contain privileged and/or confidential

information, and is intended to be received only by persons entitled to
receive such information. If you have received this e-mail in error,

please notify the sender immediately. Please delete it and all attachments
from any servers, hard drives or any other media. Other use of this e-mail

by you 1s strictly prohibited. All e-mails and attachments sent and
received are subject to monitoring, reading and archival by Monsanto,

including its subsidiaries. The reciplent of this e-mail is solely

responsible for checking for the presence of "Viruses" or other "Malware".
Monsanto, along with 1ts subsidiaries, accepts no liability for any damage

caused by any such code transmitted by or accompanying this e-mall or any
attachment. The information contained in this emall may be subject to

the export control laws and regulations of the United States, potentially
including but not limited to the Export Administration Regulations (EAR)

and sanctions regulations issued by the U.S. Department of Treasury,
Office of Foreign Asset Controls (OFAC). As a recipient of this

information you are obligated to comply with all applicable U.S5. export

laws and regulations.
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To: Mojica, Andrea[Mojica.andrea@epa.gov}; Jones, Jim[Jones.Jim@epa.gov}; Keigwin,
Richard[Keigwin.Richard@epa.gov]

Cc: Wise, Louise[Wise.Louise@epa.gov]; Perlis, Roberi[Perlis.Robert@epa.gov}; Strauss,
Linda[Strauss.Linda@epa.gov}; Dinkins, Darlene[Dinkins.Darlene@epa.govl; Sisco,
Debby[Sisco.Debby@epa.gov]

From: Housenger, Jack

Sent: Tue 5/10/2016 5:31:40 PM

Subject: RE: glyphosate draft response for review

Ex. 5 - Deliberative Process

From: Mojica, Andrea

Sent: Tuesday, May 10, 2016 1:03 PM

To: Jones, Jim <Jones.Jim@epa.gov>; Keigwin, Richard <Keigwin.Richard@epa.gov>

Cc: Housenger, Jack <Housenger.Jack@epa.gov>; Wise, Louise <Wise.Louise@epa.gov>;
Perlis, Robert <Perlis.Robert@epa.gov>; Strauss, Linda <Strauss.Linda@epa.gov>; Dinkins,
Darlene <Dinkins.Darlene@epa.gov>; Sisco, Debby <Sisco.Debby@epa.gov>

Subject: RE: glyphosate draft response for review

Ex. 5 - Deliberative Process

From: Jones, Jim

Sent: Tuesday, May 10, 2016 12:15 PM

To: Keigwin, Richard <Keigwin.Richard@epa.gov>

Cc: Housenger, Jack <Housenger.Jack@epa.gov>; Mojica, Andrea <Mojica.andrea@cpa.gov>;
Wise, Louise <Wise.Louise@epa.gov>; Perlis, Robert <Perlis. Robert@epa.gov>; Strauss, Linda
<Strauss.lLinda@epa.gov>; Dinkins, Darlene <Dinkins.Darlene@epa.gov>; Sisco, Debby
<Sisco.Debby@epa.gov>

Subject: Re: glyphosate draft response for review

Thx Rick. Jim

Sent from my iPhone

EPAHQ_0005862



On May 10, 2016, at 10:48 AM, Keigwin, Richard <Keigwin.Richard@epa.gov> wrote:

Ex. 5 - Deliberative Process

From: Housenger, Jack

Sent: Tuesday, May 10, 2016 10:45 AM

To: Mojica, Andrea <Mojica.andrea@epa.gov>; Jones, Jim <Jones.Jim@epa.gov>; Wise,
Louise <Wise Louise@epa.gov>; Keigwin, Richard <Keigwin. Richard@epa.gov>; Perlis,
Robert <Perlis.Robert@epa.gov>; Strauss, Linda <Strauss.Linda@epa.gov>

Cc: Dinkins, Darlene <Dinkins.Darlene@epa.gov>; Sisco, Debby <Sisco.Debby@epa.gov>
Subject: RE: glyphosate draft response for review

Ex. 5 - Deliberative Process

From: Mojica, Andrea

Sent: Tuesday, May 10, 2016 10:32 AM

To: Jones, Jim <Jones Jim@epa.gov>; Wise, Louise <Wise.Louise@epa.gov>; Keigwin,
Richard <Keigwin. Richard@epa.gov>; Perlis, Robert <Perlis. Robert@epa.gov>; Strauss,
Linda <Strauss.Linda@epa.gov>; Housenger, Jack <Housenger Jack@epa.gov>

Cc: Dinkins, Darlene <Dinkins.Darlenc@epa.gov>; Sisco, Debby <Sisco.Debby@epa.gov>
Subject: glyphosate draft response for review
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All

2

Attached 1s a draft response to Chairman Lamar Smith’s (Committee on Science, Space,
and Technology) glyphosate inquiry. I have attached in the incoming letter to the
Administrator as well. Please let me know if you have any comments by May 12

Thanks,

Andrea
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To: Jones, Jim[Jones.Jim@epa.gov]
From: Housenger, Jack

Sent: Thur 11/12/2015 5:33:29 PM
Subject: Re: Glyphosate Efsa review.

I figured you'd want to send it. I'll make sure ord sees.
Sent from my iPhone

On Nov 12,2015, at 9:08 AM, Jones, Jim <Jones.Jim@epa.gov> wrote:

I sent to Tom Burke. Could you be sure the technical report gets to the ord team looking at
our carc report. Jim

Sent from my iPhone

On Nov 12,2015, at 7:21 AM, Housenger, Jack <Housenger. Jack@epa.gov> wrote:

Jim, the Efsa link is below
The conclusion is that it is unlikely to be carcinogenic

http://www.efsa.europa.cuw/en/efsaiournal/pub/4302

Dear Colleagues,

Today 12 November at 12:00 CET, EFSA will publish a Conclusion on the Peer
review on glyphosate and a complementary technical document.

It will be accompanied by a News Story and a non technical summary.

The documents are under embargo until12:00 CET when they will be published on our
website.

For any further information on the Conclusion, please contact Jose Tarazona
(Jose.Tarazona(@efsa.curopa.cu).

For any further information on the News Story, please contact Simon Terry
(simon.terry(@efsa.curopa.cu).
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Best regards,

Djien

Djien Liem, PhD

Lead Expert in International Scientific Cooperation
Advisory Forum and Scientific Cooperation Unit
European Food Safety Authority

Via Carlo Magno 1A

43126 Parma (Italy)

Tel. +39 0521 036225

www.efsa.europa.cu

Sent from my iPhone

EPAHQ_0005866



To: Rowland, Jess[Rowland.Jess@epa.gov]; Vogel, Dana[Vogel.Dana@epa.gov]; Lowit,
AnnafLowit. Anna@epa.gov]

From: Housenger, Jack

Sent: Tue 9/8/2015 11:27:14 AM

Subject: FW: GLY

Prof Ivan Rusyn EN pdf

Catalogue of Questions - Fragenkatalog Offentliche Anhérung EN.pdf

See the note from Ivan below

Ex. 5 - Deliberative Process

From: Rusyn, Ivan [mailto:IRusyn@cvm.tamu.edu]
Sent: Monday, September 07, 2015 3:58 PM

To: Housenger, Jack

Cec: Dix, David

Subject: GLY

Dear Jack,

I hope you had a good summer and had a chance to look through the ITARC monograph on
glyphosate. Do let me know if there are any questions that you or your staff may have.

As you may know, there is quite a debate in Europe surrounding the BfR draft assessment report
on glyphosate renewal. I was asked to appear at the hearings in Bundestag on September 28 (see
attached invitation and a list of questions; I diid submit answers and they will be part of the
public record after the hearing) and I am trying to catch up on where the government action is on
this. I recall Jim Jones saying in an interview published by Reuters that EPA will release its re-
assessment in July. Please let me know if that did in fact happen, or whether you have another
date.

Also, you may be interested to know that a JMPR Expert Taskforce on Diazinon, Glyphosate and
Malathion (http://www.who.int/entity/foodsafety/areas_work/chemical-
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risks/ete_final new 1.pdf?ua=1) conclusions should be released very soon as the group finalized

them last week.

Thank you and best regards,

Ivan

Ivan Rusyn, MD, PhD

Professor, Veterinary Integrative Biosciences
Texas A&M University

4458 TAMU
College Station, TX 77843-4458

Office: (979) 458-9866; Cell: (919) 624-2272

PubMed citations

Google Scholar page

htip://rusynlab.org

htip://comptox.us
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List of questions for the hearing on 28 September 2015

1. What is the substantive basis for the different opinions which
exist on the question of whether glyphosate is likely to be
carcinogenic? How should these differences be viewed and
what course of action will now be taken in this regard? What
role does the fact that exposure varies depending on
directions for use play in assessing the risks?

What routes of exposure which could lead to an increased
risk of cancer are relevant for Germany, with the directions
for use currently in application?

2. How do you view the approval of active substances and plant
protection products at European Union (EU) level and at
national level? Should the existing legal requirement obliging
companies applying for approval to make available and
finance the necessary scientific studies be changed? And, if
so, who should cover the costs? How many scientific studies
on the possible carcinogenicity of glyphosate were assessed
and did the studies apply to the active substance or to the
plant protection product?

What alternative plant protection products are available to
the agricultural sector to replace glyphosate and what
environmental and health impacts would increased use of
these products have? What would be the impacts on
resistance management if glyphosate were no longer used?
What would be the impacts on conservation tillage of
replacing glyphosate?

4. What indications of other health hazards posed by glyphosate
are you aware of, apart from the probable carcinogenic
effects? Which institutions, particularly at international level,
are investigating these indications of possible health hazards
and what current international research projects assessing the
possible health hazards posed by the active substance are you
aware of?

5. A significant proportion of studies used by the Federal
Institute for Risk Assessment {BfR) are financed or initiated
by the chemical industry. What is your opinion of such
studies and how do you view their findings?

6. To what extent should the monograph produced by the
International Agency for Research on Cancer (IARC)
influence the re-authorisation of glyphosate at EU level in
your view and to what extent should the precautionary
principle be applied regarding authorisation of glyphosate,
against the background of studies concluding that glyphosate
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10.

11.

is “probably carcinogenic”?

What impacts on the health of users, local residents and
consumers in your opinion indicate that glyphosate ought
not to be used in agriculture?

. In your view, what impacts on the environment and on

agriculture of the active substance glyphosate on the one
hand and herbicide-resistant genetically modified plants on
the other indicate that glyphosate ought not to be used as an
active substance in agriculture?

What consequences would a ban on the use of glyphosate
have on the agricultural sector in the EU and in countries
which export agricultural commodities to the EU?

What differences are you aware of regarding the regulations,
procedures and criteria applied in assessments by the IARC,
Joint Meeting on Pesticide Residues (JMPR), Institute for Risk
Assessment (BfR), European Food Safety Authority (EFSA)
and, if applicable, the United States Environmental
Protection Agency (EPA)? Which regulations may lead to
scientific studies not being taken into account and how are
the different conclusions reached by these institutions
regarding the carcinogenicity of the active substance
glyphosate to be viewed against this background?

(If you represent one of the institutions listed above, please
indicate this to the left of the descriptions of the various
regulations, procedures and criteria.)

How do you assess the current availability of data regarding
the exposure of various groups in the population to
glyphosate (with particular reference to professional and
non-professional users, residents/bystanders/land users,
consumers and children/infants)? In particular, how
precisely can the level of (acute and background) exposure be
assessed in your view and what (if any) recommendations do
you have to improve the availability of data on glyphosate?

EPAHQ_0005870



12. What consequences would adoption of the IARC
classification as “probably carcinogenic to humans” have on
the possible new authorisation of glyphosate as an active
substance?

(c.f.
http://eur-lex.europa.eu/legal-content/EN/
TXT/?uri=CELEX%3A02008R1272-20150601
p. 152 onwards, Annex 1, 3.6: Carcinogenicity)
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Courtesy Translation

Professor Ivan Rusyn, MD

Texas A&M University

College of Veterinary Medicine and
Biomedical Sciences

College Station, Texas 77843

USA

By e-mail to:
IRusyn@cvm.tamu.edu

Public hearing on Monday, 28 September 2015
List of questions

Dear Professor Rusyn,

4 August 2015

Following your invitation from the Chairman of the Committee on Food and Agriculture,
Mr Alois Gerig, to attend in an expert capacity the public hearing on the following topic

“Glyphosate: effects on the health of users and consumers, and potential consequences

with regard to its approval as a pesticidal active substance”

please find attached the list of questions, as advised.

To allow the Committee members to prepare for the hearing, I would ask you to send your
written statements on the twelve questions to the Committee Secretariat by Wednesday,

9 September 2015, if possible via e-mail to el-ausschuss@bundestag.de

Yours sincerely,

Margot Heimbach
Committee Secretariat
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To: Jones, Jim[Jones.Jim@epa.gov]

From: Housenger, Jack

Sent: Tue 9/8/2015 11:25:41 AM

Subject: FW: GLY

Prof lvan Rusyn EN .pdf

Catalogue of Questions - Fragenkatalog Offentliche Anhdrung EN.pdf

See the note from Ivan

Ex. 5 - Deliberative Process

From: Rusyn, Ivan [mailto:IRusyn@cvm.tamu.edu]
Sent: Monday, September 07, 2015 3:58 PM

To: Housenger, Jack

Cec: Dix, David

Subject: GLY

Dear Jack,

I hope you had a good summer and had a chance to look through the ITARC monograph on
glyphosate. Do let me know if there are any questions that you or your staff may have.

As you may know, there is quite a debate in Europe surrounding the BfR draft assessment report
on glyphosate renewal. I was asked to appear at the hearings in Bundestag on September 28 (see
attached invitation and a list of questions; I diid submit answers and they will be part of the
public record after the hearing) and I am trying to catch up on where the government action is on
this. I recall Jim Jones saying in an interview published by Reuters that EPA will release its re-
assessment in July. Please let me know if that did in fact happen, or whether you have another
date.

Also, you may be interested to know that a JMPR Expert Taskforce on Diazinon, Glyphosate and
Malathion (http://www.who.int/entity/foodsafety/areas_work/chemical-

risks/ete_final new 1.pdf?ua=1) conclusions should be released very soon as the group finalized
them last week.
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Thank you and best regards,

Ivan

Ivan Rusyn, MD, PhD

Professor, Veterinary Integrative Biosciences
Texas A&M University

4458 TAMU
College Station, TX 77843-4458

Office: (979) 458-9866; Cell: (919) 624-2272

PubMed citations

Google Scholar page

htip://rusynlab.org

htip://comptox.us
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List of questions for the hearing on 28 September 2015

1. What is the substantive basis for the different opinions which
exist on the question of whether glyphosate is likely to be
carcinogenic? How should these differences be viewed and
what course of action will now be taken in this regard? What
role does the fact that exposure varies depending on
directions for use play in assessing the risks?

What routes of exposure which could lead to an increased
risk of cancer are relevant for Germany, with the directions
for use currently in application?

2. How do you view the approval of active substances and plant
protection products at European Union (EU) level and at
national level? Should the existing legal requirement obliging
companies applying for approval to make available and
finance the necessary scientific studies be changed? And, if
so, who should cover the costs? How many scientific studies
on the possible carcinogenicity of glyphosate were assessed
and did the studies apply to the active substance or to the
plant protection product?

What alternative plant protection products are available to
the agricultural sector to replace glyphosate and what
environmental and health impacts would increased use of
these products have? What would be the impacts on
resistance management if glyphosate were no longer used?
What would be the impacts on conservation tillage of
replacing glyphosate?

4. What indications of other health hazards posed by glyphosate
are you aware of, apart from the probable carcinogenic
effects? Which institutions, particularly at international level,
are investigating these indications of possible health hazards
and what current international research projects assessing the
possible health hazards posed by the active substance are you
aware of?

5. A significant proportion of studies used by the Federal
Institute for Risk Assessment {BfR) are financed or initiated
by the chemical industry. What is your opinion of such
studies and how do you view their findings?

6. To what extent should the monograph produced by the
International Agency for Research on Cancer (IARC)
influence the re-authorisation of glyphosate at EU level in
your view and to what extent should the precautionary
principle be applied regarding authorisation of glyphosate,
against the background of studies concluding that glyphosate
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10.

11.

is “probably carcinogenic”?

What impacts on the health of users, local residents and
consumers in your opinion indicate that glyphosate ought
not to be used in agriculture?

. In your view, what impacts on the environment and on

agriculture of the active substance glyphosate on the one
hand and herbicide-resistant genetically modified plants on
the other indicate that glyphosate ought not to be used as an
active substance in agriculture?

What consequences would a ban on the use of glyphosate
have on the agricultural sector in the EU and in countries
which export agricultural commodities to the EU?

What differences are you aware of regarding the regulations,
procedures and criteria applied in assessments by the IARC,
Joint Meeting on Pesticide Residues (JMPR), Institute for Risk
Assessment (BfR), European Food Safety Authority (EFSA)
and, if applicable, the United States Environmental
Protection Agency (EPA)? Which regulations may lead to
scientific studies not being taken into account and how are
the different conclusions reached by these institutions
regarding the carcinogenicity of the active substance
glyphosate to be viewed against this background?

(If you represent one of the institutions listed above, please
indicate this to the left of the descriptions of the various
regulations, procedures and criteria.)

How do you assess the current availability of data regarding
the exposure of various groups in the population to
glyphosate (with particular reference to professional and
non-professional users, residents/bystanders/land users,
consumers and children/infants)? In particular, how
precisely can the level of (acute and background) exposure be
assessed in your view and what (if any) recommendations do
you have to improve the availability of data on glyphosate?
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12. What consequences would adoption of the IARC
classification as “probably carcinogenic to humans” have on
the possible new authorisation of glyphosate as an active
substance?

(c.f.
http://eur-lex.europa.eu/legal-content/EN/
TXT/?uri=CELEX%3A02008R1272-20150601
p. 152 onwards, Annex 1, 3.6: Carcinogenicity)
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Courtesy Translation

Professor Ivan Rusyn, MD

Texas A&M University

College of Veterinary Medicine and
Biomedical Sciences

College Station, Texas 77843

USA

By e-mail to:
IRusyn@cvm.tamu.edu

Public hearing on Monday, 28 September 2015
List of questions

Dear Professor Rusyn,

4 August 2015

Following your invitation from the Chairman of the Committee on Food and Agriculture,
Mr Alois Gerig, to attend in an expert capacity the public hearing on the following topic

“Glyphosate: effects on the health of users and consumers, and potential consequences

with regard to its approval as a pesticidal active substance”

please find attached the list of questions, as advised.

To allow the Committee members to prepare for the hearing, I would ask you to send your
written statements on the twelve questions to the Committee Secretariat by Wednesday,

9 September 2015, if possible via e-mail to el-ausschuss@bundestag.de

Yours sincerely,

Margot Heimbach
Committee Secretariat
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GLYPHOSATE

1. Exposure Data 1.1.2 Structural and molecular formulae and
relative molecular mass
1.1 ldentificationof the agent 0 OH
N N\,

1.1.1 Nomenclature /P\
Chem. Abstr. Serv. Reg. No.: 1071-83-6 (acid);

also relevant: CH,
38641-94-0 (glyphosate-isopropylamine salt) /
40465-66-5 (monoammonium salt) HO—C N
69254-40-6 (diammoniumsalt) \O

34494-03-6 (glyphosate-sodium)
81591-81-3 (glyphosate-trimesium)
Chem. Abstr. Serv. Name: N-(phosphono- Additional information on chemical struc-

methyl)glycine ture isalso available in the PubChem Compound
Preferred  IUPAC  Name:  N-(phosphono-  database (1 ).
methyl)glycine

Synonyms: Gliphosate; glyphosate; glypho-  1.1.3 Chemical and physical properties of the

Molecular formula: C;H,;NO.P
Relative molecular mass: 169.07

sate hydrochloride; glyphosate [calcium, pure substance

copper (2+), dilithium, disodium, magne-

sium, monocammonium, monopotassium, Description: Glyphosate acid is a colour-
monosodium, sodium, or zinc] salt less, odourless, crystalline solid. It is
Trace names  Glyphosate products have been formulated as a salt consisting of the
sold worldwideunder numeroustrade names, deprotonated acid of glyphosate and
including: Abundit Extra; Credit; Xtreme; a cation (isopropylamine, = ammon-
Glifonox; Glyphogan; Ground-Up; Rodeo; ium, or sodium), with more than one salt in
Roundup; Touchdown; Tragh Wlpe Out some formulations.

Yerbrmat (Farm Ct Nk Solubility: Thecid is of medium solubility

at 11.6g/L in water (at 25 °C) and insoluble
in common organic solventssuch as acetone,
ethanol, and xylene; the alkali-metal and
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amine salts are readily soluble in water

(!
Volatility: Vapourpr&ssure 1 1 x 102 mPaat
25 °C (negligible) (T
Stability: Glyphosate is stable to hydrolysis
in the range of pH 3 to pH 9, and relatlvely
stable to photodegradation (.
Glyphosate is not readily hy
oxidized in the field( Rueppel ef al 1977).
It decomposes on heating, producing toxic
fumes that include nitrogen oxides and phos-
phorus oxides ( 9).

Reactivity: Attacks iron and galvanized steel
(! 5).
Octanol/water partition coefficient (P): log
P,<-3.2(pH 2-5,20 °C) (OECD method 107)
(!
Hem)/s law: <21 x107Pam3mol (_
0).
Comersion factor: Assuming normal  temper-
ature (25 °C) and presure (101 kPa), mg/m?
=692 x ppm.

1.1.4 Technical products and impurities

Glyphosate is formulated as an isopropyl-
amine, ammonium, or sodium salt in water-
soluble concentrates and water-soluble gran-
ules. Theelevant impurities in glyphosate technical
conaentrates are formaldehyde (maximum, 1.3g/kg),
N-nitrosoglyphosate (maximum, 1 mg/kg) and N-
nitroso- N-phosphonomethylglycine  (F :
Surfactants and sulfuric and phosphoric acsds
may be added to formulationsof glyphosate, with
type and concentration differingby formulation

B .

1.2 Production and use
1.2.1 Production

(@) Manufacturing processes

Glyphosate was firstsynthesized in 1950 as
a potential pharmaceutical compound, but its
herbicidal activity was not discovered u tH it
was re—synth&slzed and tested in 1970 (¢ ,
& Darves, 2012). Thasopropylamine, sodium,
and ammonium salts were introduced in 1974,
and the trimesium (trimethylsulfonium)salt was
introduced in Spain in 1989. Theriginal patent
protection expired outside the USA in 1991,and
within the USA in 2000. Thereaftgproduction
expanded to other major agrochemical manu-
facturers in the USA, Europe, Australia, and
elsewhere (including large-scale production in
China), but the leading preparatlon producer
remained in the USA (& & Darvas, 2012).
Therare two dominant families of commer -
cial production of glyphosate, the “alkyl ester”
pathways, predominant in China, and the
“iminodiacetic acid” pathways, with imino-
diacetic acid produced from iminodiacetonitrile
(produced from hydrogen cyamde) d:ethanol
amine, orchloroaoetncacud( al., 210; Tian
To increase the solubility of technical-grade
glyphosate acid in water, it is formulated as its
isopropylamine, monoammonium, potassium,
sodium, or trimesium salts. Most common
is the isopropylamine salt, which is formu-
lated as a liquid concentrate (active ingredient,
5.0-62%), ready-to-use liquid (active ingredient,
0.5-20%), pressurized liquid (active ingredient,
0.75-0.96%), solid (active ingredient, 76-94%),
llet/tablet (activeingredient, 60-83%) (!
)-
Therare reportedly more than 750 products
contalnmg glyphosate for sale in the USA alone
/10). Formulated products contain
various non-ionic surfactants, most notably
polyethyloxylated tallowamine (POEA), to
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facilitate uptake by plants (52 &

A Formulations might contain other actrve
rngredrents such as simasine, 2,4-dichlorophen-
oxyacetic acid (24-D), or 4-chloro-2-methyl-
phenoxyacetic acid ( ), with herbicide
resistance driving demand for new herbicide
formulations contalnrng multipleactive ingredi-
ents (Fresdonia, 2019).

(b)  Productionvolume

Glyphosate is reported to be manufactured
by at least 91 producersin 20 countries, including
53in China, 9in India, 5 in the USA, and others
in Australia, Canada, Cyprus, Egypt, Germany,
Guatemala, Hungary, Israel, Malaysia, Mexico,
Singapore, Spain, Taiwan (China), Thailand,
Turkey, the Unrted Krngdom and Venezuela
(Farm_Ch al, 2019). Glyph-
osate was regrstered in over 130 countnes as of
2010and is probably the most heavily used herbi-
cide in the world, with an annual global produc-
tion volume estimated at approximately 600 000
tonnes in 2008, rising to about 650 000 tonnes in
2011 and to 720 000 tonnes |n 2012(

Production and use of glyphosate have risen
dramatically due to the expiry of patent protec-
tion (see above), with increased promotion of
non-till agriculture, and with the introduction
in 1996 of genetically modrﬂedglyphooate—tol

erant crop varieties (& & 5
In the USA alone, more than 80 000 tonnes of
glyphosate were used in 2007 (rrsrng from less
than 4000 tonnes in 1987) (LFA. 1997, 2017).
Thisrapid growth rate was also observed in

Asia, which accounted for 30% of world demand
for glyphosate in 2012 (Transparency Market
). In India, productron increased
from 308 tonnesin 2003—2004 to 2100tonnes in
2007-2008 (1 inistry of 5
China currently produoes more than
40% of the global supply of glyphosate, exports
almost 35% of the global supply (i

and reportedly hassufficienproduction capacity
to satisfy total global demand ( ).

1.2.2Uses

Glyphosateisabroad-spectrum, post-emergent,
non-selective, systemic herbicide, which effectively
kills or suppressesall plant types, including grasses,
perennials, vines, shrubs, and tress. When applied
at lower rates, glyphosate isa plant-growth regulator
and desiccant. It has agricultural and non-agricul-
tural uses throughout the world.

(@) Agriculture

Glyphosate is effectiveagainst more than 100
annual broadleaf weed and grass species, and
more than 60 perennial weed species ( {.
J). Application rates are about 1. g/ha
for pre-harvest, post-planting, and pre-emer-
gence use; about 4.3 kg/ha as a directed spray in
vines, orchards, pastures, forestry,and industrial
weed control; and about 2 kg/ha as an aquatic
herbicide (1 2 . Common application
methods include broadcast, aerial, spot, and
directed spray applications i

Due to its broad-spect ivity, the
use of glyphosate in agriculture was formerly
limited to post-harvest treatments and weed
control between established rows of tree, nut,
and vine crops. Widespread adoption of no-till
and conservation-till practices (which require
chemical weed control while reducing soil
erosionand labour and fuel costs) and the intro-
duction of transgenic crop varieties engineered
to be resistant to glyphosate have transformed
glyphosate to a post-emergent, selectrve herbr-
cide for use on annual crops (Luke & 5
2000, Dill al. 2010). Glyphosate—resrstant
transgenic varretres have been widely adopted
for the production of corn cotton, canola, and
soybean (Luke ' 7). Production
of such crops accounted for 45% of worldwide
demand for glyphosate in 2012 (T

,;

M 12014, However, in Europe,

z’gg 7‘”’; 1
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where the planting of genetically modifiedcrops
has been largely restricted, post-harvest treat-
ment is still the most mmon application of
glyphosate (Cilvphoss 2014). Intense
and continuous use of glyphosate has led to the
emergence of remstant W%dS that may reduce its
effectiveness( Duke & F J).

(b) Residential use

Glyphosate is widely used for household
weed control throughout the world. In the USA,
glyphosate was consistently ranked as the second
most commonly used pesticide (after2,4-D) in
the home and garden market sector between
2001 and 2007, with an annual use of 20004000
tonnes (: D

(¢) Otheruses

Glyphosate was initially used to control
perennial weeds on ditch banks and roadsides
and under power lines (Uil e &/, 2010). Itisalso
used to control lnvaswe specnas in aquatic or
wetland systems (It 101). Approximately
1-2% of total glyphosate use in the USA is in
forest management (1/i= U12).

Glyphosate has been used in a large-scale
eerial herbicide-spraying programme begun
in 2000 to reduce the production of cocaine in
Colombia and of maruuana in
Mexico and :

o mf)

(d) Regulation

Glyphosate has been reglstered for use in
at least 130 countries (Uil ef a/. Z00). In the

USA, all uses are eligible for reglstratlon on the
basis of a findingthat glyphosate “does not pose
unreasonable risks or adverse effectsto humans

T

or the environment” (-°4 . A review
conducted in 2001 in connection with the regis-
tration process in the European Union reached
similar conclusionsregardinganimal and human
safety, although the protection of groundwater

during non-crop use was identifiedas requiring
particular attention in the short term (¢ )
2).

Neverthele.-.s as worldwide rates of adoption
of herbncnde—reslstantcropsand of glyphosate use
have risen in recent years (L uk 2
restriction of glyphosate use has been enacted or
proposed in several countries, although docu-
mented actions are few. In 2013, the Legislative
Assembly of El Salvador voted a ban on the use of
pestlmdes containing glyphosate (
f lor, 201%). Sri Lanka is reported to have
instituted a partial ban based on an increasing
number of cases of chronickidney disease among
agricultural workers, but the ban was liftedafter
2 months (Cx _2014). Theeasons for
such actions have included the development of
resistance among weed species, as well as health
concerns.

No limits for occupational exposure were
identified by the Working Group.

™
I o\ by
LN

1.3 Measurement and analysis

Several methods exist for the measurement of
glyphosateand its major metaboliteaminomethyl
phosphonic acid (AMPA) in various medla
includingair, water,urine, andserum (_ ).
Themethods largely involve derivatization w:th
9-fluorenylmethyl ~ chloro formate  (FMOC-CI)
to reach sufficientretention in chromatographic

)

2013). Chromatographtc technlques that do not
require cerivatization and erzyme-linked immuno-
sorbenta&ays (ELISA) are under development
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Table 1.1 Methods for the analysis of glyphosate

Sample matrix Assay procedure Limit of detection Reference
Water HPLC/MS (with onlinesolid-  0.08pg/L

phase extraction)

ELISA 0.05 pg/L
LC-LC-ED 0.02 yg/L
Post HPLC column 6.0 pg/L

derivatization and FD

UV visible spectrophotometer
(at 435 ng)

Fruitsand vegetables  HILIC/WAX with ES-MS/MS  1.2pg/kg

Plant vegetation HPLC with single polymeric 0.3 mg/kg

amino column

HPLC with post-column 1pg/L

reaction and FD

ELISA 09ug/L

ELISA, enzyme-linked immunosorbent assay; ESI-MS/MS, electrospray tandem mass spectrometry; FD, fluorescence detection; GC-MS-
MID, gas chromatography-massspectrometry in multiple ion detection mode; HILIC/WAX, hydrophilic interaction/weak anion-exchange
liquid chromatography; HPLC/MS, high-performance liquid chromatography with mass spectrometry; HPLC, high-performance liquid
chromatography; LC-ESI-MS/MS, liquid chromatography-electrospray—tandem mass spectrometry; LC-LC, coupled-column liquid
chromatography; LC-MS/MS, liquid chromatography—-tandem mass spectrometry

1.4 Occurrence and exposure

1.4.1 Exposure
(@) Occupational exposure

Studies related to occupational exposure
to glyphosate have included farmers and tree
nursery workers in the USA, forestry workersin

Canada and Finland, and municipal W%d -con-
trol workers m the Umted Klngdom ent

). Para—occupatlonal expo-
sures to glyphoaete have also been measured in

farming families (A 0 Wi
{ JO7). Th@studla are summarlzed in

(b) Community exposure

Glyphosate can be found ln sonl air, surface
water, and groundwater (=FA, Once in
the environment, glyphosate is adsorbed to soil
and is broken down by soil microbes to AMPA
(Bor § 2). In surface water,
glyphosate is not readny broken down by water
or sunlight (& Despite extensive
worldwide use, there are relatively few studies
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Table 1.2 Occupational and para-occupational exposure to glyphosate

Indugtry, Job/ process Results Comments/additional data Reference
country, year

Foredry

Finland, year NR Workers performing  Range of ajr glyphosate concentrations Clearing work was donewith brush saws
slvicultural dearing < 125-157 pgm® (mem, NR) equipped with pressurized herbicide sprayers
(n=5) Air sampleswere taken from theworkers
breathing zone(number of samples NR)
Urine sampleswere collected during the
afternoons of theworking wesk (number, NR)
Glyphosate concentrations in urine were beow
the LOD (10 ug/L)

Weed control

¢l 1 = SHAVEOONOWN Jdvi



Table1.2 (continued)

Industry, Job/process
country,year

Farming

ccupational and

para-occupational
exposures of 48
farmers, their
spouses, and 79
children

Results

Geometric meen (range) of glyphosate
concentration in urineon day of
application:

Farmers 3.2 g/L (< 110 233 ug/L)
Spouses NR (< 1to 3ug/l)

Children NR (< 1to 29 g/L)

LOD, limit of detection; ND, not detected; NR, not reported

§885000 OHVd3
L

Comments/ additional data

our composite urine samples for each
family member the day before the day of,
and for 3 days after a glyphosate application.
Glyphosatewas detected in B0%of farmers
samples, 4% of spouses samplesand 12%of
children’'s samplestheday of spraying and
in 27% of farmers samples 2% of spouses
samplesand 5% of children's samples 3 days
after

Reference

ajesoydA|n
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on the environmental occurrence of glyphosate
(Kol 15).
(A

Very few studies of glyphosate in air were
available to the Working Group. Air and rain-
water samples were collected during two
growing seasons in agricultural areas in lndlana
Mississippi, and lowa, USA (Cha al., 2011).
Thdrequency of glyphosate detectlon ranged
from 60% to 100% in air and rain samples, and
concentrations ranged from <0.01to 9.1 ng/m?
in air samples and from <0.1 to 2.5 pg/L in
rainwater samples. Atmospheric deposition
was measured at three sites in Alberta, Canada.
Rainfall and particulate matter were collected
as total deposition at 7-day intervals throughout
the growing season. Glyphosate deposition
rates ranged from <0.01 to 1.51 yg/m2 per day
(Humphries ef al., 2005).
No data wereavarlable to the Working Group
regarding glyphosate concentrations in indoor
ar.

()  Water
Glyphosate in the soil can leach into ground-
water although the rate of Ieachlng is bel |eved to

i). lt can also reach surfaoe waters by
direct emission, atmospheric deposition, and by
adsorptlon to so't partlcles suspended ln r noff

, summanzes data on oonoentratlons
of glyphosate or AMPA in surface water and
groundwater.
(i) Residues in food and dietary intake
Glyphosate residues have been measured
in cereals, fruits, and vegetables (: 4).
Residues were detected in 0.04% of 74 305
samples of fruits, vegetables, and cereals tested
from 27 member states of the European Union,
and from Norway, and lceland in 2007 (-

7). In cereals, residues were detected in 50%
of samples tested in Denmark in 1998-1999,and

in 9.5% of samples tested from member states
of the European Unlon and from Norway and

9. In the Unlted Klngdom food samphng

for glyphosate residues has concentrated mainly
on cereals, including breadand flourGlyphosate
has been detected regularly and usually belowthe

2007, 2 J). SIX out of elght sam ples
of tofu made from Brazilian soy contained
glyphosate, with the hlghest Ievet reglstered
be|ng1 1mg/kg (Festi :
).
(iv) Household exposure

In a survey of 246 California households,
14% were found to possess at least one product
containing glyphosate (Gubha ef al . 2013).

(v)  Biological markers

Glyphosate concentrations in urine were
analysed in urban populations in Europe, and
in a rural population living near areas sprayed
for drug eradication in Colombia ( »

a ef 2009). Glyphosate co ns
in Colombla were considerably higher than in
Europe, with means of 7.6 ng/L and 0.02 ug/L,
respectively ( 5). In a study in Canada,
glyphosate concentrationsin serum ranged from
undetectable to 936 ng/mL in non-pregnant
women (n = 39),and were undetectable in serum
of pregnant women (n = 30)and fetal cordserum

o
f D iar G LSSl el W,%, )

1.4.2 Exposure assessment

Exposure assessment methods in epidemio-
logical studies on glyphosate and cancer are
discussed in Section 2.0 of the Monograph on
Malathion, in the present volume.
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Table 1.3 Concentration of glyphosate and AMPA in water

Country, year of
sampling

USA, 2002

Canada, 2002

Denmark, 2010-2012

Number of samples/setting

51 streams/agricultural areas
(154 smples)

3wetlandsand 10 agricultural
greams (74 samples)

4 agricultural stes (450 samples)

Results

Meaximum glyphosate
concentration, 5.1 ug/L
Maximum AMPA concentration,
367 g/l

Range, < 0.02-6.08 ug/L.

Range, < 01-31.0 ug/L.

AMPA, aminomethylphosphonicacid; MDL, method detection limit; NR, datanot reported

Comments/additional data

Thesamplesweretaken following
pre- and post-emergence
application and during harvest
seeson

Glyphosate detected in 36% of
samples AMPA detected in 69%
of samples

Glyphosate was detected in most
of thewet|ands and streams(22%
of samples)

Glyphosate detected in 23%of
samples AMPA detected in 25%
of samples

Reference
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Table 1.4 Concentrationsof glyphosate in food

Country, year Type of food
Denmark, 1998, 1999

Results

> 50% of samples had detectable
residues

Australia, 2006 Composite sample of foods ~ 75%of sampleshad detecteble

consumed in 24 hours

residues
Mean, 0.08 mg/kg
Range < 0.005to0 0,5 ma/kg

Comments/ additional data

49 samples of the 1998 harvest
46 samples of the 1999 harvest

20 total samples from 43
pregnant women

Reference

Table 1.5 Concentrations of glyphosate and AMPA in urine and serum in the general population

Country, period Subjects
Urine

Colombia, 2005-2006 112 residents of areas
sprayed for drug
eradication

30 pregnant women
and 39 non-pregnant
women

8885000 OHVd3

Results

Arithmetic mean (range) of
dlyphosate concentration:

76 hg/L (ND-130g/L)
Arithmetic mean (range) of AMPA
concentration:

1.6 ug/L (ND-B6 pg/L)

ND in serum of pregnant women or
cord serum;

Arithmetic mean, 736 Ug/L,

(range ND-936 pg/L) in non-
pregnant women

AMPA, aminomethylphosphonicacid; LOD, limit of detection; ND, not detected; NR, not reported

Comments/additional data

40% of samples had detectable
leves of glyphosate and 4% had
detectablelevels of AMPA (LODS
0.5and 1.0 ug/L, respectivey)
Urinary glyphosate was associated
with usein agriculture

No subject had worked or |ived
with aspouseworking in contact
with pesticides

LOD, 15 ug/ll

Reference
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2. Cancer in Humans

2.0 General discussion of
epidemiological studies

A general discussion of the epidemiological
studies on agents considered in Volume 112 of
the IARC Monaographs is presented in Section 2.0
of the Monograph on Malathion.

2.1 Cohort studies

Thégricultural Health Study (AHS),a large
prospective cohort study conducted in lowaand
North Carolina in the USA, is the only cohort
study to date to have published findingonexpo -
sureto glyphosate and the risk of cancer at many
differentsites ( Alavania ef al 1998; NIH, 2015)
(seeSection 2.0 of the Monograph on Malathion,
in the present volume, for a detailed description
of thisstudy).

Thenrolment questionnaire from the AHS
sought information on the use of 50 pesticides
(ever or never exposure), crops grown and live-
stock raised, personal protectiveequipment used,
pesticide application methods used, other agri-
cultural activities and exposures, nonfarm occup
ational exposures, and several lifestyle, medical,
and dietary variables. Theluration (years) and
frequency (days per year) of use was investigated
for22 of the 50 pestlcndes in the enrolment ques-
tionnaire. [ 51 (2011 assessed the possible
impact of mlsclaselﬂcatlonof occupational pesti -
cide exposure on relative risks, demonstrating
that nondifferential exposure misclassification
biases relative risk estimates towards the null in
the AHS and tends to decrease the study power.]

Thérstreport of cancer incidenceassociated
with pesticide use in the AHS cohort considered
cancer of the prostate (/. lave 13).Risk
estimates for exposure to glyphoaate were not
presented, but no significantexposure—response

s f
I

association with cancer of the prostatewas found.
l nan updated anaIySIS of the AHS (199310 2001),
al. (20054 (see below) also found no
aseocnatnon between exposure to glyphosate and
cancer of the prostate (relative risk, RR, 1.1;95%
Cl, 0.9-1.3)and no exposure—response trend P
value for trend O 69

s ef al (20053) also evaluated associ-
at|ons between exposure to glyphosate and the
incidence of cancer at several other sites. The
prevalence of ever-use of glyphosate was 75.5%
(> 97% of users were men). In thisanalysis,expo-
sure to glyphosate was definedss: (a)ever personally
mixed or applied products containing glyphosate;
(b) cumulative lifetime days of use, or “cumulative
exposure days” (years of use x days/year); and
(c) intensity-weighted cumulative exposure days
(years of use x days/year x estimated intensity
level). Poisson regression was used to estimate
exposure—response relations between expo-
sure to glyphosate and incidence of all cancers
combined, and incidenceof 12cancer types: lung,
melanoma, multiple myeloma, and non-Hodgkin
lymphoma (see 1) as well as oral cavity,
colon, rectum, pancress, kidney,bladder,prostate,
and leukaemia (results not tabulated). Exposure
to glyphosate was not associated with all cancers
combined (RR, 1.0; 95% Cl, 0.9-1.2; 2088 cases).
For multiple myeloma, the relative risk was 1.1
(95% ClI, 0.5-24; 32 cases) when adjusted for
age, but was 2.6 (95%Cl, 0.7-9.4)when adjusted
for multiple confounders (age, smoking, other
pesticides, alcohol consumption, family history
of cancer, and education); in analyses by cumu-
lative exposure-days and intensity-weighted
exposure-days, the relative risks werearound 2.0
in the highest tertiles. Furthermore, the associ-
ation between multiple myeloma and exposure
to glyphosate only appeared within the subgroup
for which complete data were available on all the
covariates; even without any adjustment, the risk
of multiple myeloma associated with glypho-
sate use was increased by twofold among the
smaller subgroup with available covariate data

11
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Table 2.1 Cohort studies of cancer and exposure to glyphosate

Reference,
study location,
enrolment
period/follow-

up, study-design

iowa and North
Carolina, USA
19932001

Population size, description,
exposure assessment method

54 315 (after exclusions, from atota
cohort of 57 311) |licensed pedticide

applicators

Expostireassessment method:
questionnaire semi-quantitative
assessment from self-administered

questionnaire

Organ site
(ICD code)

Lung

Méeanoma

Multiple
mydoma

NHL

Exposure Exposed
category or  cases/
level deaths

Ever use 147
Cumulative
exposure

days

120 40
215 26
57-2678 26
Trend-test Pvaue 021
Ever use 75
1-20 23
21-5% 20
572678 1

Trend-test Pvalue 0.77
Ever use 2

Ever use @
1-20 8
21-56 5

Trend-test Pvalue 027

Ever use o2
1-20 29
215 15
57-2678 17

Trend-test Pvalue 0.73

Risk estimate Covariates

(95%Cl)

0.9(06-13)

1(ref)
09(05-15)
07(04-12)

16 (08-3)
1iref)

12 (07-23)
09(05-18)

11(0524)
26 (07-94)
1(ref)

11(04-35)

11(07-19)
1 (ref)

0.7(04-14)
0.9(05-16)

controlled

Age smoking,
other
pesticides,
dcohol
consumption,
family higtory
of cancer,
education

Ageonly
(resultsin this
row only)

Comments

AHS

Cancer Stes
investigated: lung,
melanoma, multiple
myeloma and NHL
(results tebulated) as
well asoral cavity,
colon, rectum, pancreas,
kidney, bladder, prostate
and leukaemia (results
not tabulated)
[Srengths large cohort;
specifi@ssessment

of glyphosate
semiquantitative
exposureassessment.
Limitations risk
estimates based on
seif-reported exposure,
limited to licensed
applicators, potential
exposire to multiple
pesticides]
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Table2.1 (continued)

Reference, Population size, description, Organ site  Exposure Exposed Riskestimate Covariates Comments
study location, exposure assessment method (ICD code) category or  cases/ (95%Cl) controlled

enrolment level deaths

period/follow-

up, study-design

30 454 wives of licensed pesticide '  Diret 82  09(07-11) Ageracesae AHS
applicators with no history of breast exposure to [Srengths large cohort;

lowaand North  cancer at enrolment diyphosate spec fiassessment of
Caroling USA Exposure assessment method: Husband's 109 1310819 giyphosate Limitations:
Enroiment, questionnaire use of based on self-reported
follow-up to licensed applicators;
2000 potential exposure to
multiple pesticides]
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Table2.1 (continued)

Reference, Population size, description, Organ site
study location, exposure assessment method (ICD code)
enrolment

period/fol low-

up, study-design

Cases 93 (responserate NR): identified Pancress

. from population-based state-cancer (CH0-
lowaand North  registries. Incident cases diagnosed C259)
Carolina, USA between enrolment and 31 December
Enrojment, 2004 (> 9 years follow-up) included in
1993 1997 theeanalysis Participantswith any type
follow-up to of prevelent cancer at enrolment were
2004 excluded. Vital statuswas obtained from

Nested case- the state death registries and the National

control study Death |ndex. Participantswho left North
Carolinaor lowawere not subsequently
followed for cancer occurrence Controls
82 503 (responserate NR). cancer-free
participantsenrolled in the cohort
Exposureassessment method.
questionnaire providing detailed
pesticide use demographic and lifestyle
information. Ever-use of 24 pesticides and
intensity-weightedlifetimedays]|(lifetime
exposuredays) x (exposureintensity
score)] of 13 pesticides was assessed

AHS Agricultural Health Sudy; NHL, non-Hodgkin lymphoma; NR, not reported

Exposure Exposed Risk estimate Covariates

category or cases/
level deaths
Ever 55
EXposure to
glyphosate

Low 29

(< 185 days)

High 19

(= 185 days)

Trend-test Pvalue 085

(95%Cl)

11(06-17)

controlled

Age smoking,
diabetes

Comments

AHS

[Strengths Jarge eohort,

Limitations based on
sdlf-reported exposure,
limited to licensed
applicators: potential
exposure to multiple
pesticides]
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3, 2005b). [Thetudy had limited
power for the analysns of multiple myeloma; there
were missing data on covariates when multiple
adjustments were done, limiting the interpreta-
tion of the findings.]JA re-analysis of these data
conducted by Sorah (15 confirmedthat the
exoess risk of multlple myelomawas presentonly
in the subset with no missing information (of22
cases in the restricted data set). In a subsequent
cross-sectional analysis of 678 male participants
from the same cohort, Landaren ef al (2009
did not findan association between exposure to
glyphosate and risk of monoclonal ggmmopathy
of undetermined significance(MGUS),a prema -
lignant plasma disorder that often precedes
multiple myeloma (odds ratio, OR, 0.5; 95% ClI,
02—1 0; 27 expO%d Cases).

F of al (2004) reported the results of the
analyses of rlsk of childhood cancer associated
with pesticide application by parentsin the AHS.
Theanalyses for glyphosate were conducted
among 17 357 children of lowa pesticide appli-
cators from the AHS. Parents provided data
via questionnaires (1993-1997)and the cancer
follow-up (retrospectively and prospectively)
was done through the state cancer registries.
Fifty incident childhood cancers were identi -
fied (1975-1998; age, 019 years). For all the
children of the pesticide applicators, risk was
increased for all childhood cancers combined,
for all lymphomas combined, and for Hodgkin
lymphoma, compared with the general popula-
tion. Thedds ratio for use of glyphosate and risk
of childhood cancer was 0.61 (95%Cl, 0.32—-1.16;
13exposed cases) for maternal useand 0.84 (95%
Cl, 0.35-2.34; 6 exposed cases) for paternal use.
[ThéNorking Group noted that this analysis
had limited power to study a rare disease such as
chlldhood cancer. ]

E 4l (2005 reported on incidence of
cancer of the breest among farmers’ wives in the
AHS cohort, which included 30 454 women with
no history of cancer of the breast before enrol-
ment in 1993-1997.Information on pesticide use

and other factors was obtained at enrolment by
self-administered questionnaire from the women
and their husbands. A total of 309 incident cases
of cancer of the breast were identifieduntii 2000.
Therevas no differencain incidence of cancer of
the breast for women who reported ever applying
pesticides compared with the general popula-
tion. Theelative risk for cancer of the breast
among women who had personally used glypho-
sate was 0.9 (95% Cl, 0.7-1.1;82 cases) and 1.3
(95%Cl, 0.8-1.9; 109 cases) among women who
never used pesticides but whose husband had
used glyphosate. [No information on duration of
glyphosate use by the husband was presented.]
Results for glyphosate were not further stratified
by menopausal status.

al (2007 investigated the relation-
ship between exposure to agricultural pesticides
and incidence of cancer of the colorectum in
the AHS. A total of 56 813 pesticide applicators
with no prior history of cancer of the colorectum
were included in this analysis, and 305 incident
cancers of the colorectum (colon, 212; rectum,
93) were diagnosed during the study period,
1993-2002. Most of the 50 pesticides studied
were not associated with risk of cancer of the
colorectum, and the relative risks with expo-
sure to glyphosate were 1.2 (95%Cl, 0.9-16),1.0
(95% Cl, 0.7-1.5),and 1.6 (95% CI, 0.9-2.9) for
cancers of the colorectum, colon, and rectum,
respectively.

Andrectti ef al (2009) examined associations
between the use of pesticides and cancer of the
pancreas using a case—control analysis nested
in the AHS. Thianalysis included 93 incident
cases of cancer of the pancreas (64 applicators,
29 spouses) and 82 503 cancer-free controls who
completed theenrolment questionnaire. Ever-use
of 24 pesticides and intensity-weighted life-
time days [(lifetime exposure days) x (exposure
intensity score)] of 13 pesticides were assessed.
Risk estimates were calculated controlling for
age, smoking, and diabetes. Thedds ratio for
ever- versus never-exposure to glyphosate was

15
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1.1 (95% CI, 0.6-1.7; 55 exposed cases), while
the odds ratio for the highest category of level of
intensity-weighted lifetime days was 1.2 (95%Cl,
0.6-26; 19 expmd cas&s)

Dennis ef al (2010) reported that exposure
to glyphosete was not assocnated with cutaneous
melanoma within the AHS. [Thauthorsdid not
report a risk estimate.]

2.2 Case—control studies on non-
Hodgkin lymphoma, multiple
myeloma, and leukaemia

2.2.1 Non-Hodgkin lymphoma
% ;

(a) Case—control studies in the midwest USA

r et al (1992) conducted a case—control
studyof incidentnon-Hodgkinlymphoma(NHL)
among males in lowa and Minnesota, USA (see
the Monograph on Malathion, Section 2.0, for a
detailed description of this study). A total of 622
white men and 1245 population-based controls
were interviewed in person. Thassociation with
farming occupation and specific agricultural
exposures wereevaluated. When compared with
non-farmers, the odds ratios for NHL were 1.2
(95%Cl, 1.0-1.5) for men who had ever farmed,
and 1.1(95%Cl,0.7-1.9,26exposed cases; adjusted
for vital status, age, state, cigarette smoking
status, family history of lymphohaematopoietic
cancer, high-risk occupations, and high-risk
exposures) for ever handling glyphosate. [There
was low power to assess the risk of NHL associ-
ated with exposure to glyphosate. Theravas no
adjustment for other pesticides. Theselata were
included in the pooled analysis by [«

W € 1 reported the results of
a study to evaluate the association between
multiple myeloma and agricultural risk factors
in the midwest USA (see the Monograph on

16

Malathion, Section 2.0, for a detailed description
of this study). A population-based case—control
study of 173 white men with multiple myeloma
and 650 controlswas conducted in lowa, USA, an
area with a large farming population. A non-sig-
nificantly elevated risk of multiple myeloma
was seen among farmers compared with never-
farmers. Thendds ratio related to exposure to
glyphosate was 1.7 (95%Cl, 0.8-3.6; 11 exposed
cases). [Thistudy had limited power to assess
the association between multiple myeloma and
exposure to glyphosate. Multiple myeloma is
now oonSIdered to be asubtype of NHL.]

05 . (2003} used pooled data from
three case—control studlas of N HL conducted in
the198OS|n Nebraska(g ahme 990), Kansas

1986), and in lowa and Minnesota

Ca f al, 1992) (see the Monograph on
Malathlon Section 2.0, for a detailed description
ofthesestudies)toexamine pesticideexposuresin
farming asrisk factorsfor NHL in men. Thetudy

population included 870 cases and 2569 controls;
650 cases and 1933 controlswere included for the
analysis of 47 pesticides controlling for potential
confounding by other pesticides. Both logistic
regression and hierarchical regression (adjusted
estimates were based on prior distributions
for the pesticide effects, which provides more
conservative estimates than logistic regression)
were used in data analysis, and all models were
essentially adjusted for age, study site, and other
pesticides. Reported use of glyphosate as well
as several individual pesticides was associated
with increased incidence of NHL. Based on 36
cases exposed, the odds ratios for the association
between exposure to glyphosate and NHL were
2.1 (95% CI, 1.1-4.0) in the logistic regression
analyses and 1.6 (95% CI, 0.9-2.8) in the hier-
archical regression analysis. [Thenumbers of

cases and controls were lower than those in the
pooled analysis by V¥ al (2001} because
only subjects with no missing data on pesticides
were included. Thstrengths of this study when

compared with other studies are that it was large,
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Table 2.2 Case—control studies of leukaemia and lymphoma and exposure to glyphosate

Reference, Population size, description, Organ site Exposure Exposed Riskestimate Covariates
location, exposure assessment method (ICD code) category or cases/ (95%Cl) controlled
enrolment level deaths

period

UsA

Ever handled 26
glyphosate

Cases 622 (responserate 89.0%); NHL
owa health registry records
and Minnesota hospital and
pathology records

Controls 1245 (responserate
76-79%). population-based;
no cancer of thelympho-
haematopoietic system:
frequency-matched to cases by
age(5-year group), vital status,
gate Rendom-digit dialling
(aged < 65 years): Medicare
records (aged = 65 years). seafe
death certificatefileg deceased
ubjects)

Exposureassessment method
questionnaire in-person
interview

Age vital

status state
snoking status,
family history
lymphopoigtic
cancer, high-risk
occupations,
high-risk
exposures

Iowacénd
Minnesota USA
19801982

Comments

Data subsequentially
pooled in

[Srengths large
population-based
study in farming
areas

Limitations not
controlled for
exposure to other
pesticides. Limited
power for glyphosate
EXposLire]
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Table2.2 (continued)

Reference,
location,
enrolment
period

ebraska, |lowa,
Minnesota,
Kansas, USA
19791966

Population size, description, Orgdan site
exposure assessment method (ICD code)

Cases 650 (responserate 74, 7%);
cancer regisries and hospita
records

Controls: 1933 (responserate
75.2%); random-digit dialling,
Medicare state mortality files
Exposure assessment method:

questionnaire interview (direct
or next-of-kin)

Exposure
category or
level

An
dlyphosate
exposure

Exposed Riskestimate Covariates
cases/ (95%Cl) controlled
deaths

.1 (1.1) ’ Age study ea,
other pedticides

Comments

Both logigtic
regression and
hierarchical regression
wereused in data
analyss, thelatter
providing more
conservative estimates
[Srengths increased
power when compared
with other stuadies,
population-based, and
conducted in farming
areas, Advanced
analytical methods to
account for multiple
exposures]

Included participants
from o
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Table2.2 (continued)

Reference, Population size, description,
location, exposure assessment method
enrolment

period

Canada

Organ site
(ICD oode)

Exposure
category or
level

Exposed Riskestimate Covariates

cases/
deaths

(95%Cl)

oontrolled

Comments

ajesoydA|n
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Table2.2 (continued)

Reference,
location,
enrolment
period

Sx provinces
in Canada

{Quebec, Onterio,

Manitoba,
Saskatchewan,
Alberta and

British Columbia)

19911994

Population size, description,
exposure assessment method

Incident cases 316({response
rate 68.4%); men aged = 19 years
ascertained from provincia
cancer registries, except in
Quebec (hospital ascertainment)
Controls: 1606 (responserate,
48%): matched by agex 2 years
to becomparable with theage
distribution of theentire case
group (HL NHL MM, and

ST 8) within each provinceof
residence Potential controls
{men aged = 19 years) sglected at
random within age constraints
fromtheprovincial hedth
insurance records (Alberta,
Saskatchewan, Manitoba,
Queber), computerized
telephone ligtings (Ontario), or
voters lists (British Columbia)
Exposure assessment method:
questionnaire stage 1 used
aself-administered postal
questionnaire and in stage?
detailed pesticide exposure
information was collected by
telephone interview

Organ site
(ICD code)

HL (ICDO2
included
nodular
sclerosis

(M 9B56/3;
MO6B3/3:
M9664/3:
M9665/3;

M 9666/ 3:
M9667/3),
lymphocytic
predominance
(M9B51/3;
MO657/3.
M9658/3;
M9659/3),
mixed
cdlularity
(M9B52/3),
lymphocytic
depletion
(M9B53/3;
M9654/3),
miscellaneous
(other
M9650-M 9669
codesfor HL)

Exposure
category or
level

Glyphosate
based
formulation
Glyphosate
based
formulation

Exposed Riskestimate Covariates

cases/
deaths

38

38

(95%Cl)

114 (074-176)

oontrolled

Age group,
provinee of
residence

099(062-1.56) Agegroup,

province of
residence medical
history

Comments

Cross Canada study
Based on the statistical
analysis of pilot study
data, it was decided
that the most efficient
definitionof pesticide
exposurewasa
cumulative exposure
= 10 hours/year to
any combination

of pesticides. This
discriminated (a)
between incidental,
bystander, and
environmental
EXpOoSUre vs more
intensive exposure,
and (b) between cases
and controls

[Srengths large study.

Limitations low
response rates

¢l 1 = SHAVEOONOW Jdvi



6685000 OHVd3

¥4

Table2.2 (continued)

Reference, Population size, description,
location, exposure assessment method
enrolment

period

Organ site
(ICD oode)

Exposure
category or
level

Exposed Riskestimate Covariates

cases/
deaths

(95%Cl)

oontrolled

Comments

ajesoydA|n



0065000 OHVd3

44

Table2.2 (continued)

Reference, Population size, description,
location, exposure assessment method
enrolment

period

Cases 404 (192 decessed)
(responserate 91%):regional
cancer registries

middle Sweden Controls 741 (responserate,

19871990 84%): livecontrols matched for
ageand county wererecruited
from the nationd population
registry, and deceased cases
matched for ageand year of
death wereidentified from the
national registry for causes of
death

Exposure assessment method:
questionnaire

Organ site
(ICD code)

NHL (ICD-9
200 and 202)

Exposure
category or
level

Ever
glyphosate —
univeriate
Ever
dlyphosate —
multivariate

Exposed Riskestimate Covariates
cases/ (95%Cl) controlled
deaths

23 (04-13) Not specified in
the multivariable
analysis

58 (06-54)

Comments

Overlapswith

[Strendths
population-based
study.

Limitations few
subjects were exposed
to dlyphosate and

the study had limited
power. Analyses were
"multiveriate but
covariates were not
specified]
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Table2.2 (continued)

Reference,
location,
enrolment
period

Sweden. Four
health service
aress (Lund,
Linkoping,
Orebro and
Umen)
1999.-2002

Population size, description,
exposure assessment method

Cases 910 (responserate
91%). incident NHL cases
wereenrolled from university
Rospitals

Controls 1016 (responserete,
92%): national population
registry

Exposure assessment method:

questionnaire

Organ site
(ICD oode)

NHL

NHL

B-cell
lymphoma
Lymphocytic
lymphoma/ B-
CLL

Diffuse

large B-cdl|
lymphoma
Follicular,
grade |1
Other
specifiedB-cel|
lymphoma
Unspecified
B-cdll
lymphoma
T-cd|
lymphoma
Unspecified
NHL

Exposure
category or
level

Any
glyphosate
Any
dlyphosate®

= 10 daysper
year use

> 10 days per
year use
110 yrs
>10yrs
Exposure to
dlyphosate
Exposure to
glyphosate

Exposure to
glyphosate

Exposure to
glyphosate
Exposure to
diyphosate

Exposure to
glyphosate

Exposure to
dlyphosate
Exposure to
glyphosate

Exposed Risk estimate

cases/
deaths

29

29

12
17
NR
NR
NR

NR

NR

NR

NR

NR

NR

NR

(95%Cl)

20 (11-371)

151 (077-294)

169 (07-407)
2.36(1,04-5.37)
111(024-508)
226(1.16-4.4)
167 (0998-351 )

3% (14278

122 (044-335)

1:89(062-579)

163 (053 -4%)

147 (033-661)

229 (051-104)

563 (14420

Covariates
oontrolled

Age sex, year of
enrolment

Comments

[Strengths

population-based

case-control.

Limitations limited
power for glyphosate]
* Exposureto other
pesticides (eg MPCA)
controlied in the

analysis

ajesoydA|D



2065000 OHVd3

144

Table2.2 (continued)

Reference, Population size, description,
location, exposure assessment method
enrolment

period
;\ “ ses 491 (responserate 95.7%);
France cases (244 NHL: 87 HL: 104
20002004 LPSs 56 MM ) wererecruited
from main hospitals of the
Erench cities of Brest, Ceen,
Nantes, Lille Toulouseand
Bordealx, aged 20-75 years, ALL
casss excluded

Controls 456 (responserate
91.2%); matched on ageand sex,

Organ site
(ICD code)

HL

LPS

MM

recruited in the same hospitals as Al lymphoid

the cases mainly in orthopaedic
and rheumatological
departments and residing in the
hospital’s catchment area
Exposureassessment method:
questionnaire

necplasms

NHL, diffuse
large cdl]
lymphoma
NHL, follicular
lymphoma

LPSCLL

LPSHCL

Exposure
category or
level

y
dlyphosate
exposure
Any exposure
to dlyphosate
Any exposure
to glyphosate
Any exposure
to glyphosate
Any exposure
to glyphosate

Occupational
useof
glyphosate
Qccupational
exposure to
glyphosate
Occupetional
exposure to
glyphosate
Oceupational
exposure to
glyphosate

Risk estimate Covarijates

(95%Cl)

05-22)

17 (06-5)
06 (02-21)
24(08-7.3)

12(06-21)

10 (03-27)

14(04-52)

04 (01-18)

1.8(0.3-9.3)

Comments
oontrolled

Age centre
socioeconomic
category (blug/
whitecollar)

[
power for glyphosate]
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Table2.2 (continued)

Reference, Population size, description, Organ site
location, exposure assessment method (ICD code)
enrolment

period

Cases 2348 (responserate 88%):  B-cdll
caseswere al| consecutiveadult lymphoma
Czech Republic,  patientsfirst diagnosed with

France Germany, lymphomaduringthestudy

ltaly, Irdand and  period, resident in the referral

Spain aren of the participating centres

19082004 Controls 2462 (responserate
81%hospital: 52% population);
controls from Germany and
Italy were randomly selected

by sampling from the general
population and matched to cases
on sex, 5-yerr age-group, and
residence area. Theest of the
centres used matched hospital
controls, excluding diagnoses of
cancer, infectious diseases and
immunodeficiencyliseases
Exposure assessment method.
questionnaire support of acrop-
exposure matrix to supplement
the available information,
industrial hygienists and
occupational experts in each
participeting centre revieved the
generdl guestionnaires and job
modulesto assess exposureto
pedticides

Exposure
category or
level

Oceupational
exposure to
diyphosate

Exposed Risk estimate

cases/
deaths

4

(95%Cl)

31(06-17.1)

Covariates
oontrolled

AgE, X,
educetion, centre

Comments

EPILYMPH cass
control study in six
European countries

ALL, acute lymphocyticleukaemia; B-CLL, chronic lymphocytic leukaemia; CLL, chronic lymphocytic leukaemia HCL, hairy cell leukaemia; HL, Hodgkin lymphoma; LPS,
lymphoproliferative syndrome; M CPA, 2-methyl-4-chlorophenoxyacetic acid; MM, multiplemyeloma; NHL, non-Hodgkin lymphoma; NR, not reported; ref., reference; STS, soft tissue

sarcoma
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population-based, and conducted in farming
areas. Potential confounding from multiple
exposures was accounted for in the analysis.]
Using the data set of the pooled popu-
fowa,

lation-based case—control studies in
Mlnnesota and Nebraska, USA,
! investigated whether asthma acts as an
effectmodlﬂerof the association between pesti -
cide exposure and NHL. Thetudy included 872
cases diagnosed with NHL from 1980to 1986and
2381 frequency-matched controls. Information
on use of pesticides and history of asthma was
based on interviews. A total of 177 subjects (45
cases, 132 controls) reported having been told
by their doctor that they had asthma. Subjects
with a history of asthma had a non-significantly
lower risk of NHL than non-asthmatics, and
there was no main effectof pesticide exposure.
In general, asthmatics tended to have larger odds
ratios associated with exposure to pesticides
than non-asthmatics. Theravas no indication
of effectmodification:the odds ratio associated
with glyphosate use was 1.4 (95% ClI, 0.98-2.1;
53exposed cases) among non-asthmaticsand 1.2
(95%Cl, 0.4-3.3; 6 exposed cases) for asthmatics,
when compared with non-asthmatic non-ex-
posed farmers) [Thlsanalysns overlapped with
that of De [ (2003) ]

(b) 771ecr0$-Canadacase—controIstudy

Act al. (2001 studied the associa-
tions between exposure to specifigpesticides and

NHL in a multicentre population-based study
with 517 cases and 1506 controls among men of
six Canadian provinoces (see the Monograph on
Malathion, Section 2.0, for a detailed descrip-
tion of this study). Odds ratios of 1.26 (95%
Cl, 0.87-1.80; 51 exposed cases; adjusted for
age and province) and 1.20 (95% CI, 0.83-1.74,
adjusted for age, province, high-risk exposures)
were observed for exposure to glyphosate. In an
analysis by frequency of exposure to glyphosate,
participants with > 2 days of exposure per year
had an odds ratio of 2.12 (95%Cl, 1.20-3.73,23

26

exposed cases) compared with those with some,
but <2 days of exposure. [Thetudy was large,
but had relatlvely low participation rates.]
Kachurl el al. (2013 investigated the asso-
ciation between hfetlme use of pesticides and
multiple myeloma in a population-based case—
control study among men in six Canadian
provinces between 1991 and 1994 (see the
Monograph on Malathion, Section 2.0, for a
detailed description of this study). Data from
342 cases of multiple myelomaand 1357 controls
were obtained for ever-use of pesticides, number
of pesticides used, and days per year of pesticide
use. Thedds ratios were adjusted for age, prov -
ince of residence, type of respondent, smoking
and medical history. Thedds ratio for ever-use
of glyphosate was 1.19 (95% CI, 0.76-1.87; 32
cases). When the analysis was conducted by level
of exposure, no association was found for light
users (< 2 days per year) of glyphosate (OR,0.72;
95% ClI, 0.39-1.32; 15 exposed cases) while the
odds ratio in heavier users (> 2 daysper year) was
2.04 (95%Cl, 0.984.23; 12 exposed cases). [The
study had relatively low response rates. Multiple
myeloma is now considered a subtype of NHL ]

(c) Case—controlstudiesin Sweden

N ) conducted a popu-

Iatlon case—control study in Sweden on hairy
cell leukaemia (considered to be a subgroup
of NHL). Thetudy included 121 cases in men
and 484 controls matched for age and sex. An
age-adjusted odds ratio of 3.1 (95% ClI, 0.8-12;
4 exposed cases) was observed for exposure to
glyphosate. [Thisstudy had limited power to
detect an effect and there was no adjustment for
other exposures.]

Hardell & Eriksson (1999 reported the
results of a population-based case—control study
on the incidence of NHL in men associated with
pesticide exposure in four northern counties in
Sweden. Exposure data was collected by ques-
tionnaire (also supplemented by telephone inter-
views) from 404 cases (192 deceased) and 741

strovn ef &l (1
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controls (matched by age, sex, county, and vital
status). Increased risks of NHL were found for
subjects exposed to herbicides and fungicides.
Thedds ratio for ever-use of glyphosate was 2.3

(95% ClI, 0.4-13; 4 exposed cases) in a univariate
analysis, and 5.8 (95%Cl, 0.6-54) in a multivar-
iable analysis. [Thexposure frequency was low

for glyphosate, and the study had limited power
to detect an effect. Theariables included in the

multivariate analysis were not specified. This
study may have overlapped partially with those
of H

[, (A202) conducteda pooled anal-
ysrs of two case—control studres one on N L
(already reported in Hardell & briks )
and another on hairy cell Ieukaemla a subtype
of NHL (already reported by om et al,
1998). Thepooled analysis of NHL and harry
cell leukaemia was based on 515 cases and 1141
controls. Increased risk was found for exposure
to glyphosate (OR, 3.04; 95% CI, 1.08-8.52; 8
exposed cases) in the univariate analysis, but the
odds ratio decreased to 1.85 (95%Cl, 0.55-6.20)
when study, study area, and vital status were
considered in a multivariate analysis. [Thexpo -
sure frequency was low for glyphosate and the
study had limited power. Th|$tudy partlaHy
overlapped with those of & Eriksson
and

& reported the results of
a populatlon based case—control study of expo-
sure to pesticides as a risk factor for NHL. Men
and women aged 18-74 years living in Sweden
were included from 1 December 1999 to 30
April 2002. Incident cases of NHL wereenrolled
from university hospitals in Lund, Link&ping,
Orebro, and Umea. Controls (matched by age
and sex) were selected from the national popu-
lation registry. Exposure to differentagents was

assessed by questionnaire. In total, 910 (91%)
cases and 1016 (92%) controls participated.
Multivariable models included agents with
statistically significant increased odds ratios

(MCPA, 2-methyl-4-chlorophenoxyacetic acid),

or with an odds ratio of >1.50 and at least 10
exposed subjects (24,5-T and/or 24-D; mercu-
rial seed dressing, arsenic, creosote, tar), age,
sex, year of diagnosis or enroiment. Theodds
ratio for exposure to glyphosate was 2.02 (95%
Cl, 1.10-3.71)in a univariate analysis, and 1.51
(95% ClI, 0.77-2.94) in a multivariable analysis.
When exposure for more than 10 days per year
was considered, the odds ratio was 2.36 (95%Cl,
1.04-5.37). With a latency period of > 10 years,
the odds ratio was 2.26 (95% CI, 1.16-4.40).
Theassociations with exposure to glyphosate
were reported also for lymphoma subtypes, and
elevated odds ratios were reported for most of the
cancer forms, including B-cell lymphoma (OR,
1.87;95% CI, 0.998-3.51)and the subcategory of
small lymphocytic lymphoma/chronic lympho-
cytic leukaemia (OR, 3.35; 95% CI, 1.42-7.89,
[not adjusted for other pesticides]). [Thisvas a
large study; there was possible confounding from
use of other pesticides including MCPA, but this
was considered in the analysis.]

(d)  Othercase—control studies in Europe
Orsi et al (2009 reported the results of a
hospital-based case—control study conducted in
six centres in France between 2000 and 2004.
Incident cases with a diagnosis of lymphoid
neoplasm aged 20—75 years and controls of the
same age and sex as the cases were recruited in
thesame hospital, mainly in the orthopaedicand
rheumatological departments during the same
period. [Th&Vorking Group noted that the age
of case eligibility was given in the publication as
20—-75yearsin the materialsand methodssection,
but as 18-75 years in the abstract.] Exposures
to pesticides were evaluated through specific
interviews and case-by-case expert reviews. The
analyses included 491 cases (244 cases of NHL,
87 cases of Hodgkin lymphoma), 104 of lymph-
oproliferativesyndrome, and 56 cases of multiple
myeloma),and456age-andsex-matchedcontrols.
Positive associations between some subtypes
and occupational exposure to several pesticides
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were noted. Thedds ratios associated with any
exposure to glyphosate were 1.2 (95%Cl, 0.6-2.1;
27 exposed cases) for all lymphoid neoplasms
combined, 1.0 (95% CI, 05-22; 12 exposed
cases) for NHL, 0.6 (95% Cl, 0.2-2.1; 4 exposed
cases) for lymphoproliferative syndrome, 24
(95% Cl, 0.8-7.3) for multiple myeloma, and 1.7
(95% Cl, 0.6-5.0; 6 exposed cases) for Hodgkin
lymphoma, afteradjusting for age, centre, and
socnoeconomlc category (“blue/white collar”).

C al. (2013 reported the results of a
pooledanalysnsofcase—controlstudn&sconducted
in six European countries in 1998-2004
(EPILYMPH, Czech Republic, France, Germany,
Ireland, Italy,and Spain) to investigate the role of
occupational exposure tospecifigroupsofchem -
icals in the etiology of lymphoma overall, B-cell
lymphoma, and its most prevalent subtypes. A
total of 2348 incident cases of lymphoma and
2462 controls were recruited. Controls from
Germany and Italy were randomly selected by
sampling from the general population, while the
rest of the centres used matched hospital controls.
Overall, the participation rate was 88% for cases,
81%for hospital controls, and 52% for population
controls. An occupational history was collected
with farm work-specificquestions on type of
crop, farm size, pests being treated, type and
schedule of pesticide use. In each study centre,
industrial hygienists and occupational experts
assessed exposure to specificgroups of pesti -
cides and individual compounds with the aid of
agronomists. [Thereforany exposure misclas -
sification would be non-differential.] Analyses
were conducted for lymphoma and the most
prevalent lymphoma subtypes adjusting for age,
sex, education, and centre. Lymphoma overall,
and B-cell lymphoma were not associated with
any class of the investigated pesticides, while
the risk of chronic lymphocytic leukaemia was
elevated among those ever exposed to inorganic
and organic pesticides. Only for a few individual
agrochemicals was there a sizeable number of
study subjects to conduct a meaningful analysis,

28

and the odds ratio for exposure to glyphosate
and B-cell lymphoma was 3.1 (95%Cl, 0.6-17.1;
4 exposed cases and 2 exposed controls). [The
study had a very limited power to assess the
effects of glyphosate on risk of NHL ]

2.2.2 Other haematopoieticcancers

(2005

O also reported results for
Hodgkm lymphoma (see Section 2.2.1).
Karunanayal /012 conductedacase—
control study o] Hodgkm lymphoma among
white men,aged 19yearsor older, in six regionsof
Canada (see the Malathion Monograph, Section
2.0, for a detailed description of this study). The
analysis included 316casesand 1506 age-matched
(£ 2 years) controls. Based on 38 cases exposed
to glyphosate, the odds ratios were 1.14 (95%Cl,
0.74-1.76)adjusted for ageand province, and 0.99
(95% ClI, 0.62—1.56) when additionally adjusted
for medical history variables.
of al (1990} evaluated exposure
to carcmogens in an agricultural setting and
the relationship with leukaemia in a popula-
tion-based case—control interview study in lowa
and Minnesota, USA, including 578 white men
with leukaemia and 1245 controls. Thexposure
assessment was done with a personal interview
of the living subjects or the next-of-kin. Farmers
had a higher risk of all leukaemias compared
with non-farmers, and associations were found
for exposure to specific animal insecticides,
including the organophosphates crotoxyphos,
dichlorvos, famphur, pyrethrins, and methoxy-
chlor. Thedds ratio for glyphosate was 0.9 (95%
Cl, 0.5-1.6; 15 exposed cases; adjusted for vital
status, age, state, tobacco use, family history of
lymphopoietic cancer, high-risk occupations,
and high-risk exposures). [ Thigvas a large study
in an agricultural setting, but had limited power
for studying the effects of glyphosate use ]

zg/ i?i
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2.3 Case—control studies on other
cancer sites

2.3.1 Cancer of the oesophagus and stomach

¥y evaluated the risk of adeno-

carcinomas of the oesophagus and stomach
associated with farming and agricultural pesti-
cide use. Thepopulation-based case—control
study was conducted in eastern Nebraska, USA.
Subjects of both sexes diagnosed with adenocar-
cinoma of the stomach (n = 170) or oesophagus
(n=137) between 1988 and 1993 were enrolled.
Controls (n = 502) were randomly selected from
the population registry of the same geographical
area. Thessponserateswere 79% for cancer ofthe
stomach, 88% for cancer of the oesophagus, and
83% for controls. Adjusted odds ratios were esti-
mated for use of individual and chemical classes
of insecticides and herbicides, with non-farmers
as the reference category. No association was
found with farming or ever-use of insecticides
or herbicides, or with individual pesticides. For
ever-use of glyphosate, the odds ratio was 0.8
(95%Cl, 0.4-1.4; 12 exposed cases) for cancer of
thestomach,and 0.7 (95%Cl, 0.3—1.4; 12exposed
cases) for oesophageal cancer. [Thestudy weas
conducted in a farming area, but the power to
detect an effect of glyphosate use was limited.]

‘.

2 3.2 Cancer of the brain

- ot al. (2004} conducted a case—control
study on glioma among nonmetropolitan
residents of lowa, Michigan, Minnesota, and
Wisconsin in the Upper Midwest Health Study,
USA. Thestudy included 457 cases of glioma
and 648 population-based controls, all adult
men. Exposure assessment was done with inter-
views of the subject or the relatives. Thessponse
rates were 93% and 70% for cases and controls,
respectively. No association were found with any
of the pesticides assessed, including glyphosate.
[Glyphosate use was assessed, but specificresults
were not presented ]

fal (2005 evaluated the effectsof
rural exposures to pesticides on risk of glioma
among women aged 18-80 years who were
nonmetropolitan residents of lowa, Michigan,
Minnesota, and Wisconsin in the Upper Midwest
Health Study, USA. A total of 341 cases of glioma
and 528 controls wereenrolled. A personal inter-
view was carried out forexposureassessment. The
response rates were 90% and 72%, respectively.
Afteradjusting for age, age group, education,and
farm residence, no association with glioma was
observed forexposure to several pesticide classes
or individual pesticides. Therevas a reduced
risk for glyphosate (OR, 0.7; 95% Cl, 0.4-1.3; 18
exposed cases). Thesessults were not affectedby
the exclusion of proxy respondents (43%o0f cases,
2% of controls)
sl (2005 evaluated the association
between farmlng and agricultural pesticide use
and risk of adult glioma in a population-based
case—control study in eastern Nebraska, USA.
Cases of gliomawerein menand women (n=251)
and were compared with population controls
from a previous study (n=498). A telephone
interview was conducted for 89% of the cases
and 83% of the controls. Adjusted odds ratios
for farming and for use of individual and chem-
ical classes of insecticides and herbicides were
calculated using non-farmers as the reference
category. Among men, ever living or working
on a farm and duration of farming were associ-
ated with significantlyincreased risks of glioma,
but the positive findingswere limited to proxy
respondents. Among women, there were no posi-
tive associations with farming activities among
self or proxy respondents. Some specificpesti -
cide families and individual pesticides wereasso-
ciated with significantly increased risks among
male farmers, but most of the positive associa-
tions were limited to proxy respondents. There
was a non-significanexcess risk with glyphosate
use for the overall group (OR,1.5;95%Cl,0.7-3.1;
17 exposed cases), but there was inconsistency
between observations for self-respondents (OR,
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04; 95% ClI, 0.1-1.6)and observations for proxy
respondents (OR, 3.1; 95% CI, 1.2-82). [The
study had limited power to detect an effectof
glyphosate use, and the inconsistencies for self
and proxy respondents made the results difficult
to interpret ]

2 3.3 Soft tissue sarcoma

FPahwa ef al 2017 reported the results of
the softtnssue sarcoma component of the cross-
Canada study in relation to specificpesticides,
including 357 cases of softtissue sarcoma and
1506 population controls from 1991-199%4. The
fully adjusted odds ratio for glyphosate use was
0.90 (95%Cl, 0.58-1.40).

2.3.4 Cancer of the prostate

el al (2017 report results of a case—
control study including 1516patientswith cancer
of the prostate (ascertained by the cancer registry
of British Columbia, Canada, for 1983-90) and
4994 age-matched controls with cancers at all
other cancer sites excluding lung and unknown
primary site. Agricultural exposures were
assessed by job-exposure matrix. A total of 60
cases were exposed to glyphosate (adjusted OR,
1.36; 95% CI, 0.83-2.25).

2 3.5 Childhood cancer

Parental exposure to pesticides, including
glyphosate, was assessed in a population-based
case—control study of childhood leukaemia in
CostaRica (IVonge et al, 2007). However,associ-
ations of childhood cancer thh glyphosate were
reported only for an “other pesticides” category
that also included paraquat, chiorothalonil, and
other chemicals. [Because glyphosate was not
specifically assessed, this study was not evalu -
ated by the Working Group.]

30

24. Meta—analys&s

Schinest & Leon (2074 conducted a system-
atlc review and meta-analysis of NHL and occu-
pational exposure to agricultural pesticides,
including glyphosate. Themeta-analysis for

glyphosete mcluded SIX studlas (McDu 4l

)and
ylelded a meta risk-ratio of 1.5 (95%Cl, 1.1-2.0).
[Th&NVorking Group noted that the most fully

adjusted risk &stimat&s from the articles by

, } and Eriksson ef af. (2008)
were not used in thlS analysns. Afterconsidering
the adjusted estimates of the two Swedish studies
in the meta-analysis, the Working Group esti-
mated a metarisk-ratioof 1.3(95%Cl, 1.03-1.65),
12 = 0%, P for heterogeneity 0.589 ]

3. Cancer in Experimental Animals

31 Mouse

3.1.1 Dietary administration

Groups of 50 male and 50 female CD-1 mice
[age not reported] were given diets containing
glyphosate (purity, 99.7%) at a concentration of
0, 1000, 5000, or 30 000 ppm, ad libitum, for 24
months. Therevas no treatment-relatedeffecton
body weight in maleand female miceat the lowest
or intermediate dose. Theravas a consistent
decrease in body weight in the male and female
mice at the highest dose compared with controls.
Survival in all dose groups was similar to that of
controls. Theravas a positive trend ( P = 0.016,
trend test; see L/ in the incidence of
renal tubule adenoma in dosed male mice: 0/49,
0/49, 1/50 (2%), 3/50 (6%). [ Th&NVorking Group
noted that renal tubule adenomaisa rare tumour
in CD-1mice.] No data on tumours of the kidney
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Table 3.1 Studies of carcinogenicity with glyphosate in mice

Species, strain (sex) Dosing regimen, For each target organ: incidence Significance Comments
Duration Animalg/group at start (%) and/or multiplicity of tumours
Reference

Mouse CD-1(M,F) Die containing glyphosate {technical Males Pfortrend = 0016,  Noinformation was provided on
24 mo grade purity, 99.7%) at concentrationsof  Rendl tubule adenoma 0/49, 0/49, see Comments renal tubule adenomas in female
‘ 0, 1000, 5000, or 30 000 ppm, ad libitum,  1/50 (2%), 3/50 (6%) mice, or on statistical analyses of
for 24 mo Females tumour data
50 M and 50 F/group [age NR] No data provided on thekidney EPA recommended that additional
renal sections be cut and evaluated
from 4| control and treated maje
mice Thpathology report for
theseadditional sections( =~
showed the sameincidence
of rengl tubuleadenomes as
Renal tubuleadenoma 1/49 (2%), NS originaly reported, with no
0/49, 0/50, 1/50 (2%0) significant differencein incidence
Renal tubule carcinoma 0/49,0/49,  [P= 0.037, Cochran—  when comparing control and
1/50 (2%), 2/50 (4%) Armitage trend test]  treated groups, however, thetest
Renal tubule adenoma or carcinoma  [P= 0,034 Cochran— for linear trend in proportions
(combined): 1/49(2%), 0/49, 1/50  Armitage trend test]  r€sulted in P=0016
(2%), 350 (6%) 1 convened aPWG and
requested additional pathological
and statigtica information on
kidney tumours observed in male
mice treated with olyphosate
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Table3.1 (continued)

Species, drain (sex) Dosing regimen,

Duration Animalsgroup at start

Reference

Mouse Swiss (M) Initiation—promotion study

32wk Sin application of glyphosate based

formulation (glyphosate 41% POEA,
~15%) (referred to as ' glyphosate )
dissolved in 50% ethanol: DMBA
dissolved in 50%ethanol, and TPA
dissolved in B0% acetone, used in the
groupsdescribed below

20 M/group

Group | untreated control (no trestment)
Group || glyphosate only: 25 mg/kg bw
topically, 3 x Jwk, for 32wk

Group |11: single topical application of
DMBA, 52 yg/mouse followed 1wk later
by TPA 5 ugimouse, 3 x /wk, for 32 wk
Group 1 V. single topical application of
glyphosate 25 mg/kg bw, followed 1 Wk
later by TPA, 5 g/mouse 3 x /wk, for 32
wk

Group V: 3 x /wk topical application

of giyphosate, 25 mg/kg bw, for 3wk,
followed 1 wk later by TPA. 5 ug/molise,
3 x JwKk, for 32 wk

Group VI single topical application of
DMBA, 52 yg/mouse

Group VI1: topical application of TPA,

5 ug/mouse 3 x /wk, for 32 wk

Group VI1I: single topica application of
DMBA, 52 pygimouse, followed 1wk Jater
by topica treatment with glyphosate

25 mg/kgbw, 3 x /wk, for 32 wk

For each target organ: incidence Significance
(%) and/or multiplicity of tumours

Skin tumours| called “ papillomas’
by the authors, following gross
examination only}

Group |: 0/20
Group |1: 0720

Group |11 20/20%, 7.6+ 1.1 *P<0.05vsgroups
V1 and Vi

Group |: 0/20

Group V: 0/20

Group V1: 0/20

Group VI11: 020

Group VI11: 8/20*, 28+ 09 *P<0.06vsgroup V|

Comments

Short duration of treatment, no
solvent controls, and lack of any
histopathological evaluation
Agedt start, NR (miceweighed
12159 bw)

[ TheWorking Group concluded
thiswas an inadequate sudy for
the evaluation of glyphosate]

bw, body weight; DMBA, 7,12-dimethylbenz] a]anthracene; EPA, United SatesEnvironmental Protection Agency; F, femae; M, mae mo, month; NR, not reported; NS, not significant;
POEA, polyethoxylated talowamine; PWG, pathology working group; TPA, 12-  O-tetradecanoyl-phorbol-13-acetate; vs, versus; wk, wesk; yr, year
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were provided for female mice. No other tumour
sites were identified( Subsequent to
its initial report (¢ the United States
Environmental Protection Agency (EPA)recom-
mended that additional renal sections be cutand
evaluated from all male mice in the control and
treated groups. The)athology report for these

additional sections (=4 indicated the
same incidence of renal tubule adenomaas orig-
inally reported, with no significantincrease in

incidence between the control group and treated
groups by pairwise comparison. However, as
already reported above, the test for linear trend
in proportions resulted in a significance of
P=0.016. The! 5 also requested that a
pathology working group (PWG) be convened
to evaluate the tumours of the kidney observed
in male mice treated with glyphosate, including
the additional renal sections. In this second eval-
uation, the PWG reported that the incidence of
adenoma of the renal tubule was 1/49 (2%),0/49,
0/50, 1/50 (2%) [not statistically significant];the
incidence of carcinoma of the renal tubule was
0/49,0/49, 1/50 (2%),2/50 (4%) [P = 0.037, trend
test for carcinoma];and the incidenceofadenoma
or carcinoma (combined)of the renal tubule was

1/49 (2%), 0/49, 1/50 (2%), 3/50 (6%) [P = 0.034,

trend test for combined]. [Th&Vorking Group
considered that this second evaluation indicated
a significantincrease in the incidence of rare
tumours, with a dose-related trend, which could
be attributed to glyphosate. Chandra & Frith
reported that only 1 out of 725 [0.14%)]
-1 male mice in their historical database had
developed renal cell tumours (one carcinoma).]
[TheéNorking Group noted the differences
in histopathological diagnosis between pathol-
ogists. Proliferative lesions of the renal tubules
are typically categorized according to published
criteria as hyperplasia, adenoma, or carcinoma.
Theifferencais not trivial, because focal hyper -
plasia, a potentially preneoplastic lesion, should
be carefully differentiatedfrom the regenerative
changes of the tubular epithelium. Theras a

morphological continuum in the development
and progression of renal neoplasia. Thudarger
masses mayexhibitgreater heterogeneityin histo-
logical growth pattern, and cytologically more
pleomorphlsm and atypia than smaller lesions
(Eustis ef al, 1994). Of note, a renal tumour
con lrmedby the PWG afterre-eval uation of the
original slides (-4, 1985), had not been seen m
the re-sectioned kidney slides (& 5.
may be related to the growth o r that -
in contrast to tumours in other organs — is not
spherical but elliptical because of the potential
expansion in tubules. In addition, the concept
of tubular expansion without compression of
adjacent parenchyma may be at the basis of the
discrepancy between the firs{( )and
second evaluation b )]

In another study reported to the Joint FAO/
WHO Meeting on Pesticide Residues (JMPR),
groups of 50 male and 50 female CD-1 mice [age
at start not reported] weregiven diets containing
glyphosate (purity, 98.6%) at a concentration
that was adjusted weekly for the first13 weeks
and every 4 weeks thereafterto give doses of O,
100, 300, or 1000 mg/kg bw, ad libitum, for 104
weeks (. ©). Theravas no treatment-re -
lated effec dy weight or survival in any
of the dosed groups. Theravas an increase in
the incidence of haemangiosarcoma in males —
0/50, 0/50, 0/50, 4/50 (8%) [P < 0.001, Cochran—
Armitage trend test], and in females — 0/50, 2/50
(4%),0/50,1/50 (2%) [notstatistically significant],
and an increase in the incidence of histiocytic
sarcoma in the lymphoreticular/haemopoietic
tissue in males — 0/50, 2/50 (4%),0/50, 2/50 (4%),
and in females — 0/50, 3/50 (6%), 3/50 (6%), 1/50
(2%) [not statistically significant for males or
females]. [The/Vorking Group considered that
this study was adequately reported.]

33

EPAHQ_0005911



IARC MONOGRAPHS - 112

3.1.2 Initiation—promotion

Groups of 20 male Swiss mice [age at start
not reported; body weight, 12—15g] weregiven a
glyphosate-based formulation (glyphosate, 41%;
polyethoxylated tallowamine, ~15%) (referred to
as glyphosate in the article) that was dissolved in
50% ethanol and apphed onto the shaved back

p 2 ef al, 2010). Treatment groups were
ldentlﬂed as foHows

» Group | —untreated control;

« Group Il — glyphosate only (25 mg/kg bw),
applied topically three times per week for 32
weeks;

« Group Il — single topical application of
dimethylbenz] alanthracene (DMBA,; in ethanol;
52 pg/mouse), followed 1 week later by
12-O-tetradecanoylphorbol-13-acetate (TPA,
in acetone; 5 ug/mouse),applied topically three
times per week for 32 weeks;

« Group IV — single topical application of
glyphosate (25 mg/kg bw) followed 1 week
later by TPA (inacetone; 5 yg/mouse),applied
topically three times per week for 32 weeks;

«  GroupV —glyphosate (25 mg/kg bw)applied
topically three times per week for 3 weeks
(total of nine applications), followed 1 week
later by TPA (inacetone; 5 pg/mouse),applied
topically three times per week for 32 weeks;

« Group VI — single topical application of
DMBA (in ethanol; 52 yg/mouse);

« Group VII =TPA (in acetone; 5 pyg/mouse),
applied topically three times per week for 32
weeks; and

« Group VIl —single topical application of
DMBA (in ethanol; 52 yg/mouse), followed
1 week later by glyphosate (25 mg/kg bw),
applied topically three times per week for 32
weeks.

All mice were killed at 32 weeks. Skin
tumours were observed only in group 11 (posi-
tive control, DMBA + TPA, 20/20) and group
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VIilI (DMBA + glyphosate, 8/20; P < 0.05 versus
group VI [DMBA only, 0/20]). No microscopic
examination was conducted and tumours were
observed “asa minute wart like growth [that the
authors called squamous cell papillomas], which
progressed during the course of experiment.”
[Thglyphosate formulation tested appeared to
be a tumour promoter in this study. Thelesign
of the study was poor, with short duration of
treatment, no solvent controls, small number of
animals, and lack of histopathological exami-
nation. Th&Vorking Group concluded that this
was an inadequate study for the evaluation of
glyphosate.]

3.1.3 Review articles

5 (2015) have published a review
artlcle contammg information on five long-
term bioassay feeding studies in mice. Of these
studies, one had been submitted for review to the
-FA b, 1986, 199712), and one to the
JMPR (. )); these studies are discussed
in Section 3.1.1. Theeview article reported on
an additional three long-term bioassay studies in
mice that had not been previously available in
the open literature, but had been submitted to
various organizations for registration purposes.
Theeview article provided a brief summary of
each study and referred to an online datasupple-
ment containing the original data on tumour
incidence from study reports. Thehree addi -
tional long-term bioassay studies in mice are
summarized below. [ThéNorking Group was
unable to evaluate these studies, which are not
includedin | _and Section 5.3, because the
information provided in the review article and
its supplement was insufficienfe.g. information
was lacking on statistical methods, choice of
doses, body-weight gain, survival data, details of
histopathological examination, and/or stability
of dosed feed mixture).]
In the firststudy (identifiedas Study 12,
1997a), groups of 50 male and 50 female CD-1
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mice [age at start not reported] were given diets
containing glyphosate (purity, 94-96%) at a
concentration of 0, 1600, 8000, or 40 000 ppm
for 18 months. Thencrease in the incidence of
bronchiolo-alveolar adenoma and carcinoma,
and of lymphoma, was reported to be not statis-
tically significantin males and females receiving
glyphosate. [Th&Vorking Group was unable to
evaluate this study because of the limited exper-
imental data provided in the review article and
supplemental information.]

In the second study (identifiedas Study 13,
2001), groups of 50 male and 50 female Swiss
albino mice [age at start not reported] were
given diets containing glyphosate (purity, > 95%)
at a concentration of O (control), 100, 1000, or
10 000 ppm for 18 months. Thauthors reported
astatistically significantincrease in the incidence
of malignant lymphoma(nototherwise specified,
NOS) in males at the highest dose: 10/50 (20%),
15/50 (30%), 16/50 (32%), 19/50 (38%; P < 0.05;
pairwise test);and in females at the highest dose:
18/50 (36%), 20/50 (40%), 19/50 (38%), 25/50
(50%; P < 0.05; pairwise test). [ThéNorking
Group was unable to evaluate this study because
of the limited experimental data provided in the
review article and supplemental information.]

In the third study (identifiedas Study 14,
2009a), groups of 51 male and 51 female CD-1
mice [age at start not reported] were given diets
containing glyphosate (purity, 94.6-97.6%) at a
concentration of 0, 500, 1500, or 5000 ppm for
18 months. Incidences for bronchiolo-alveolar
adenoma and carcinoma, malignant lymphoma
(NQOS), and hepatocellular adenoma and carci-
noma in males, and for bronchiolo-alveolar
adenoma and carcinoma, malignant lymphoma
(NQOS) and pituitary adenoma in females, were
included in the article. In males, the authors
reported that therewasasignificanfpositivetrend
[statistical test not specified]in the incidence of
bronchiolo-alveolar carcinoma (5/51, 5/51, 7/51,
11/51)and of malignant lymphoma (0/51, 1/51,
2/51,5/51). [ThéVorking Group was unable to

evaluate this study because of the limited exper-
imental data provided in the review article and
supplemental information.]

32 Rat

3.2.1 Drinking-water

Groups of 10 male and 10 female Sprague-
Dawley rats (age, 5 weeks) were given drinking-
water containing a glyphosate-based formulation
atadoseofQ(control),1.1 x 108%(B0x10 ->mg/L),
0.09% (400 mg/L) or 0.5% (2 25 x 103 mg/L), ad
libitum, for 24 months (£ 2014, [The
study reported is a life-long toxmology study on
a glyphosate-based formulation and on geneti-
cally modifiedNK603 maize, which the authors
stated was designed as a full study of long-term
toxicity and not a study of carcinogenicity. No
information was provided on the identity or
conecentration of other chemicals contained in
this formulation.]Survival was similar in treated
and control rats. [No data on body weight were
provided.] In female rats, there was an almost
twofold increase in the incidence of tumours
of the mammary gland (mainly fibroadenoma
and adenocarcinoma) in animals exposed to
the glyphosate-based formulation only versus
controlanimals: control, 5/10(50%); lowest dose,
9/10 (90%); intermediate dose, 10/10 (100%)
[P<0.05; Fisher exact test]; highest dose, 9/10
(90%). [ Th&Vorking Group concluded that this
study conducted on a glyphosate-based formu-
lation was inadequate for evaluation because
the number of animals per group was small, the
histopathological description of tumours was
poor, and incidences of tumours for individual
animals were not provided.]

In another study with drinking-water,
Chr et al (2000) gave groups of 55
male and 55 female Wistar rats (age, 6—7 weeks)
drinking-water containing an ammonium salt
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of glyphosate as a 13.85% solution [purity of
glyphosate, not reported] that was used to make
aqueous solutions of 0 (control), 300, 900, and
2700 mg/L, for 24 months [details on the dosing
regimen werenot reported]. Thauthorsreported
that survival and body-weight gain were similar
in treated and control animals. No significant
increase in tumour incidence was reported in
any of the treated groups. [Th&Vorking Group
noted the limited information provided on
dosing regimen, histopathological examination
method, and tumour incidences.]

3.2.2 Dietary administration

ThdMPR report included information on a
1-year feeding study in which groups of 24 male
and 24 female Wistar-Alpk:APfSD rats [age at
start not reported] were given diets containing
glyphosate (purity, 95.6%)at aconcentrationof O,
2000, 8000, or 20 000 ppm, ad libitum, for 1 year
(Jiy 2008). Therewas a treatment-related
decrease in body-weight gain at the two highest
doses (significantat 20 000 ppm for both sexes,
and at 8000 ppm only in females). Theravas no
treatment-relateddecrease in survival. Nosignif-
icant increase in tumour incidence was observed
inany of the treated groups. [ ThgVorking Group
noted the short duration of exposure.]

ThdMPR report also included information
on a 104-week feeding study in which groups of
50 male and 50 female Sprague-Dawley rats [age
atstart not reported] weregiven diets containing
glyphosate (purity, 98.7-98.9%) at a concentra-
tion that was adjusted to provide doses of O, 10,
100, 300, or 1000 mg/kg bw, ad libitum, for 104
weeks (v . Thersvas a treatment-re -
lated decrease in body-weight gain in males and
females at the highest dose. Therevas no signif -
icant treatment-related decrease in survival or
increase in tumour incidence in any of the
treated groups.

Information was also included in the JMPR
report on a 24-month feeding study in which
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groups of 52 male and 52 female Wistar-
Alpk:APfSD rats [age at start not reported] were
given diets containing glyphosate (purity, 97.6%)
ataconcentrationof0, 2000, 6000 or20000 ppm,
ad libitum, for 24 months (V- >). There
was a treatment-related decrease in body-weight
gain in malesand femalesat the highest dose, and
a corresponding significantincrease in survival
in males. No significantincrease in tumour inci -
dence was observed in any of the treated groups.
5 b, ¢, d) provided information
on a long-termstudy in which groups of 60 male
and 60 femaleSprague-Dawley rats (age, 8 weeks)
weregiven diets containing glyphosate (technical
grade; purity, 96.5%)at aconcentration of O ppm,
2000 ppm, 8000 ppm, or 20 000 ppm, ad libitum,
for 24 months. Tenanimals per group wereKkilled
after12 months. Therevas no compound-related
effecton survival, and no statistically significant
decreases in body-weight gain in male rats. In
females at the highest dose, body-weight gain
was significantlydecreased, starting onday 51.1n
males at the lowest dose, there was a statistically
significantincrease in the incidence of pancre -
atic islet cell adenoma compared with controls:
8/57 (14%)versus 1/58 (2%),P < 0.05(Fisher exact
test). Additional analyses by the L )
(using the Cochran—Armitage trend test and
Fisher exact test, and excluding rats that died or
wereKkilled beforeweek 55) revealed astatistically
significant higher incidence of pancreatic islet
cell adenoma in males at the lowest and highest
doses compared with controls: lowest dose, 8/45
(18%; P = 0.018;pairwise test); intermediate dose,
5/49 (10%); highest dose, 7/48 (15%; P = 0.042;
pairwise test) versus controls, 1/43 (2%). The
range for historical controls for pancreatic islet
cell adenoma reported in males at this labora-
tory was 1.8-8.5%. [Th&Vorking Group noted
that there was no statistically significantpositive
trend in the incidence of these tumours, and
no apparent progression to carcinoma.] There
was also a statistically significantpositive trend
in the incidence of hepatoceliular adenoma in
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Table 3.2 Studies of carcinogenicity with glyphosatein rats

Species, strain (sex)  Dosing regimen, For each target organ: Significance Comments
Duration Animals/group at start incidence (%) and/or
Reference multiplicity of tumours

Rat, Soregue-Dawley
(M, F)
2

Rat, Wistar-

Drinking-water containing aglyphosate-
based formulation at aconcentration

of 0 (control), 1.1 x 108%(glyphosate
50x 10> mg/L), 0.09% (glyphosate,

400 mo/L) or 0.5% (diyphosate

225x 102 mg/L), ad libitum, for 24 mo
10 M and 10 F/group (age 5 wk)

Digt containing glyphosate (purity,

Males
No significant increasein

tumour incidence observed in

any of thetreated groups
Females

Mammary tumours
(mainly fibroadenomasand
adenocarcinomas): 5/10
(50%), 910 (90%), 10/10
{100%)*, 910 (%)
Pituitary lesions
(hypertrophy, hyperplasia
and adenoma); 6/10 (60%),
810 (80%), 7110 (70%), 7110
0%

No significant incressein

1P=<005]

NS

Dataarefroman in-depth life-long toxicology
sudy on aglyphosate based formulation and
NKB03 genetically modifiedmaize authors
stated that the study was designed asa full
chronic toxicity and not acarcinogenicity study.
No information provided on thejdentity or
concentration of other chemicals contained in
this formuletion

Histopathology poorly described and tumour
incidences for individual animals not discussed
in detail. Small number of animals per group
[TheWorking Group concluded thiswasan
inadequete study for the evaluation of glyphosate
carcinogenicity]

Short duration of expore

$165000 OHVYd3

A%

tumour incidence observed in
any groups of treated animals

AlpkAPIED (M, F)  958%) at concentrations of 0, 2000,
1yr 8000, or 20 000 ppm, ad libitum, for 1 yr

Nosignificant incressein~~~ NS
tumour incidence observed in
any groups of treeted animals

Diet containing glyphosate (purity,
97.6%) at concentrations of 0, 2000,
6000, or 20 000 ppm, ad libitum, for 2yr
52 M and 62 F/group [age NR]

Alpk APIED (M, F)
24 mo
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Table3.2 (continued)

Species, strain (sex)  Dosing regimen,
Duration Animalsgroup at start
Reference

For each target organ:
incidence (%) and/or
multiplicity of tumours

Significance Comments

¢l 1 = SHAVEOONOWN Jdvi
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Table3.2 (continued)

Species, strain (sex)  Dosing regimen,

Duration Animalggroup at start

Reference

Rat Sprague-Dawley  Diet containing dlyphosate (purity,
M F) 98.7%) at concentrations of 0 ppm,
Lifgtime(up to 26 30 ppm (3 ma/kg bw per day), 100

mo) ppm (10 mg/kg bw per day), 300 ppm
(31 mg/kg bw per day), ad libitum, up to

26 mo

50 M and 50 F/group [age NR|

bw, body weight; d, day; F, femae; M, male; mo, month; NR, not reported; NS, not significant; wk, week; yr, year

For each target organ:
incidence (%) and/or
multiplicity of tumours

Males

Pancreas (j9¢ cdl):
Adenoma: 0/50 (0%, 5/49*
(10%), 2/50 (4%), 2/50 (4%)

Carcinoma: 0/50 (0%), 0/49
(0%, 0/50 (0%, 1/50 (2%)
Adenoma or carcinoma
(combined): 0750 (0%), 5/49
(10%,, 2/50 (4%), 3/50 (6%)
Females

Pangeas(jSe odl).
Adenoma 2/50 (4%, 1/50
(2%}, 1150 (2%), 0/50 (0%)
Carcinoma: 0/50 (0%), 1/50
(2%), 1150 (2%), 1/50 (2%)
Adenoma or carcinoma
{combined): 2/50 (10%), 2/50
(2%), 2150 (74%), 1150 (2%)

Significance

Adenoma,
HP<0.05
Fisher exact
test)

NS

Comments

[ Therewas no statistically significant positive
trend in the incidence of pancreatic tumours,
and no apparent progression to carcinomal
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males (P=0.016) and of thyroid follicular cell
adenoma in females (P=0.031). [Th&Vorking
Group noted that there was no apparent progres-
sion to carcinoma for either tumour type.]

Thetr , ) provided information
on another long-term study in which groups of
50 male and 50 female Sprague-Dawley rats [age
at start not reported] weregiven diets containing
glyphosate (purity, 98.7%) at a concentration of
0, 30 (3 mg/kg bw per day), 100 (10 mg/kg bw
per day), or 300 ppm (31 mg/kg bw per day), ad
libitum, for life (up to 26 months). No informa-
tion was provided on body weight or survival of
the study animals. An increase in the incidence
of pancreatic islet cell adenoma was reported
in males at the lowest dose: controls, 0/50 (0%);
lowest dose, 5/49 (10%) [P < 0.05; Fisher exact
test]; intermediate dose, 2/50 (4%); highest dose,
2/50 (4%). [ Th&Vorking Group noted that there
was no statistically significantpositive dose-re -
lated trend in the incidence of these tumours,
and no apparent progression to carcinoma.]

3.2.3 Review articles

o al. (2015) have published a review
artlcle contammg mformatuon on nine long-
term bioassay feeding studies in rats. Of these
i two had been submitted for review to
b, ¢, o), two to the JMPR (lIViF
2006), and one had been published in the openly
av lable scientific literature (C
2000); these studies are discussed earher
in Section 3. 2 Theeview article reported on an

additional four long-term bioassay studies in rats
that had not been previously published, but had
beensubmitted tovariousorganizations for regis-
tration purposes. Theeview article provided a

brief summary of each study and referred to an
online data supplement containing the original
data on tumour incidence from study reports.
Thdour additional long-term bioassay studies

in rats are summarized below. [Thé/Norking

Group did not evaluate these studies, which are
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notincludedin 7 _and Section 5.3, because
the information provided in the review article
and its supplement was insufficienf{eg. infor -
mation lacking on statistical methods, choice of
doses, body-weightgain, survival data, details on
histopathological examination and/or stability
of dosed feed mixture).]

In one study (identifiedas Study 4, 1996),
groups of 50 male and 50 female Wistar rats [age
at start not reported] were given diets containing
glyphosate (purity, 96%) at a concentration
of 0, 100, 1000, or 10000 ppm, ad libitum, for
24 months. It was reported that hepatocellular
adenomas and hepatocellular carcinomas were
found at non-statistically significant incidences
in both males and females. Thergvas no signifi -
cant increase in tumour incidence in the treated
groups. [TheWorking Group was unable to
evaluate this study because of the limited exper-
imental data provided in the review article and
supplemental information.]

In one study in Sprague-Dawley rats (iden-
tifiedas Study 5, 1997), groups of 50 male and
50 female rats [age at start not reported] were
given diets containing glyphosate technical acid
[purity notreported]ataconcentrationof 0, 3000,
15000, or 25 000 ppm,ad libitum, for 24 months.
Therevas no significantincrease in tumour inci -
dencein the treated groups. [ Th&Vorking Group
was unable to evaluate this study because of the
limited experimental data provided in the review
article and supplemental information.]

In a second study in Sprague Dawley rats
(identified as Study 6, 1997b), groups of 50
males and 50 females [age at start not reported]
were given diets containing glyphosate (purity,
94.6-97 6%)at aconcentrationof 0, 3000, 10 000,
or 30 000 ppm, ad libitum, for 24 months.
Non-significantincreases in tumour incidences
compared with controls were noted for skin
keratoacanthoma in males at the highest dose,
and for fibroadenomaof the mammary gland
in females at the lowest and intermediate doses.
[Th&Vorking Group was unable to evaluate this
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study because of the limited experimental data
provided in the review article and supplemental
information.]

In another study in male and female Wistar
rats (identifiedas Study 8, 2009b), groups of
51 male and 51 female rats [age at start not
reported] were fed diets containing glyphosate
(purity, 95.7%) at a concentration of 0, 1500,
5000, or 15000 ppm, ad libitum, for 24 months.
Thehighest dose was progressively increased
to reach 24 000 ppm by week 40. A non-signif-
icant increase in tumour incidence was noted
for adenocarcinoma of the mammary gland in
females at the highest dose (6/51)compared with
controls (2/51).[ Th&Vorking Group was unable
to evaluate this study because of the limited
experimental data provided in the review article
and supplemental information. TheWorking
Group noted that tumours of the mammary
gland had been observed in other studies in rats
reviewed for the present Monograph.]

4. Mechanistic and Other
Relevant Data

4.1

411 Introduction

Theerbicidal activity of glyphosate isattrib -
uted to interferencewith the production ofessen-
tial aromaticamino acids (¢ .Inplants,
glyphosate competitively he activity
of enolpyruvylshikimate phosphate synthase,
an enzyme that is not present in mammalian
cells. Glyphosate is degraded by soil microbes
to aminomethylphosphonic acid (AMPA) (see
Fia.4.1), ametabolite that can accumulate in the
environment. In mammals, glyphosate is not
metabolized efficientlyand is mainly excreted
unchanged into the urine; however, it has been
suggested that glyphosate can undergo gut

Toxicokineticdata

microbial metabolism in humans (1
and rodents (&

4.1.2 Absorption

(@ Humans

Data on the absorption of glyphosate via
intake of food and water in humans were not
available to the Working Group. Inhalation of
glyphosate is considered to be a minor route
of exposure in humans, because glyphosate is
usually formulated as an isopropylamine salt
with a very low vapour pressure (|

In the Farm Family Exposure Study, 60% of
farmers had detectable levels of glyphosate in
24-hour composite urine samples taken on the
day they had apphed a glyphosate-based formu-
lation (Acouavella ef al. 2004). Farmers who
did not use rubber gloves had higher urinary
concentrationsof glyphosate than those who did
use gloves [indicating that dermal absorption is
a relevant route of exposure]. In aseparate study,
detectable levels of glyphosate were found in
urine samples from farm families and non-farm
families (Curwi 2007).

Inaccidental and deliberate intoxication cases
involving ingestion of glyphosate-based formu-
lations, glyphosate was readily detectable in the
blood (Zousoui ef al, Z013). After deliberate
or aocndental ingestion, one glyphosate-based
formulation was found to be more lethal to
humans than another (Corensen & C en
). [Greater lethality was attrlbuted to the
pr&eenoe of trimethylsulfonium counterion,
which might facilitate greater absorption after
oral exposure.]

Small amounts of glyphosate can be absorbed
after dermal exposures in humans in vitro.
For example, when an aqueous solution of 1%
glyphosate was applied in an in-vitro human
skin model, only 1.4% of the applied dose was
absorbed through the skin. Glyphosate is typi-
cally formulated as an isopropylamine salt, and
is dissolved in a water-based vehicle, while the

instal
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stratum corneum is a lipid-rich tissue (v
et 1991). In-vitro studies using human skin
showed that percutaneous absorption of a
glyphosate-based formulation was no more than
2%of theadministered dose overaconcentration
range of 0.5-154 ug/cm2 and a topical volume
range of 0.014-0.14 mL/cmz2. In addition, very
little glyphosate (<0.05% of the administered
dose) was sequestered in the stratum corneum
after dermal application (/' ef al., 1991).

In the human Caco-2 cell line, an in-vitro
model of intestinal enterocytes, glyphosate
(> 10 mg/mL)was shown to significantlydisrupt
barrier properties, leading to an increase in para-
cellular permeability (transport of substances
that pass th rough the intercellular space between
the cells) (v et al, 2005).

(b) Experimental systems

Threstudies have been conducted to inves -
tigate the absorption of a smgle oral dose of

In male Sprague—DawIey
[4C]-labelled glyphosate (10 mg/kg bw), the
majority of the radiolabel was associated with
the gastrointestinal contentsand small intestinal

rats given

tissue 2 hours after administration (!
etal 1). Approximately 35-40% oftheadmin-
lstered dose was found to be absorbed from the
gastrointestinal tract. Urinary and faecal routes
of elimination were equally important. [The
Working Group concluded that glyphosate is
incompletely absorbed from the gastrointestinal
tract after oral exposure in rats.]

In a study by the United States National
Toxicology Programme (NTP) in Fisher 344 rats,
30% of the administered oral dose (5.6 mg/kg bw)
was absorbed, as determlned by urinary excre-
tion data (Chan & M 1992). Thidinding
was in accordance with the prevnously d&scrlbed
study of oral exposure in rats (e ¢

).
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In a study reviewed by the EPA, Sprague-
Dawley rats weregiven an oral dose of glyphosate
(10mg/kg bw); 30% and 36% of the administered
dose was absorbed in males and females, respec-
tively 4, 1993h). At a dose that was ~10-fold
higher (1000 mg/kg bw), oral absorption of
glyphosate by the rats was slightly reduced.

Ina14-day feeding study in Wistar ratsgiven
glyphosate at dietary concentrationsof up to 100
ppm, only ~15% of the admlmstered dose was
found to be absorbed (. ! >). In New
Zealand White rabbits or lactating goats given
glyphosate as single oral doses (6-9 mg/kg bw),
a large percentage of the administered dose was
recovered in the faeces [suggesting very poor
gestrointestinal absorptlon of glyphosate in
these animal models] (V! ).

In monkeysgivenglyphosate by dermal appli-
cation, percutaneous absorption was estimated
to be between 1% and 2% of the administered
dose (/4 el ol 1997). Most of the adminis-
tered dose was removed by surface washes of the
exposed skin.

xmr

4.1.3 Distribution

(@ Humans

No data in humans on the distribution of
glyphosate in systemic tissues other than blood
were available to the Working Group. In cases
of accidental or deliberate intoxication involving
ingestion of glyphosate-based formulations,
glyphosate was measured in blood. Mean blood
concentrations of glyphosate were 61 mg/L and
4146 mg/L in mild-to-moderate cases of mtox1-
cation and in fatal cases, respectively (Zousc
)-
eport, using optical spectroscopy and
molecular modelling, indicated that glyphosate
could bind to human serum albumin, mainly
by hydrogen bonding; however, the fraction of
glyphosate that might bind to serum proteins
in blood was not actually measured (*
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Fig. 4.1 Microbial metabolism of glyphosate to AMPA

0 u (|3| microbes
S, —»
HO On OH
glyphosate

aminomethylphosphonicacid (AMPA)

Glyphosate is degraded to AMPA by microbial metabolism
Compiled by the Working Group

(b) Experimental systems

In Sprague-Dawley rats given a single oral
dose of glyphosate (100 mg/kg bw), glypho-
sate concentrations in plasma reached peak
levels, then declined slowly from day 1 to day 5
(Bernal et al, 2010). Theplasma data appeared
to fita one-compartment model with an elim -
ination rate constant of k, = 0.021 hour'. [The
Working Group estimated the elimination half-
life of glyphosate to be 33 hours.] Tissue levels of
glyphosate were not determined in this study. In
astudy by ¢ fal (181, the tissue levels
of glyphosate at 2, 6.3, 28, 96, and 168 hours in
Sprague-Dawley rats given a single oral dose
(10mg/kg bw) declined rapidly. Tissues with the
greatest amounts of detectable radiolabel (> 1%of
the administered dose) were the small intestine,
colon, kidney,and bone. Peak levels were reached
in small intestine tissue and blood by 2 hours,
while peak levels in other tissues occurred at
6.3 hours afterdosing. After7 days, the total
body burden of [“C]-labelled residues was ~1%o0f
the administered dose, and was primarily asso-
ciated with the bone (~1 ppm). In every tissue
examined afteradministration of [ “C]-labelled
glyphosate, essentially 100% of the radiolabel
that was present in the tissue was unmetabolized
parent glyphosate. Thusgssentially 100% of the
body burden was parent compound, with no
3|gmﬂcantper3|stenoe of glyphosate after7 days
(2 refal, 1997, In a 14-day feeding study
in Wistar rats given diets containing glyphosate
at 100 ppm,glyphosate reached steady-statelevels

in the blood by day 6 (J! ). Theissue
concentrations of glyphosate had the following
rank order: kidneys > spleen > fat > liver.
Tissue levels declined rapidly aftercessation of
exposure to glyphosate. A second study in rats
given glyphosate (10 mg/kg bw per day, 14 days)
followed by a single oral dose of [“C]-glyphosate
(at 10 mg/kg bw) showed that repeated dosing
did not alter the tissue distribution of glyphosate

In rhesus monkeys, tissues harvested 7 days
afterdermal exposures to [ 4C]-labelled glypho-
satedid not contain radiolabel at detectable levels
(Vv ot al., 1991).

4.1.4 Metabolism and modulation of
metabolic enzymes

(@) Metabolism

Glyphosate is degraded in the environ-
ment by soil microbes, primarily to AMPA
and carbon dioxide (Fig. 47, Jcob el al,
). A minor pathway for the degradation of
glyphosate in bacteria (Pseudomonas sp. strain
LBr) is via conversion to glycine (. ,,
). In a case of deliberate poisoning wi
glyphoaate—based formulation, small amounts
of AMPA (151 pg/ mL) were detectable in the
blood (IVotolvuke 2008) [suggesting that
this pathway mlght also operate in humans]. In
rats given a single high oral dose of glyphosate
(100 mg/kg bw), small amounts of AMPA were
detected in the plasma (Cern al., 2070). In

{f’w}&
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male Sprague-Dawley rats given an oral dose of
glyphosate (10 mg/kg bw), a very small amount
of AMPA (< 0.04%0f the administered dose) was
detected in the colon 2 hours afterdosing; this

was attributed to int&stinal microbial metabo-
lism (Brewster et al., 1991).

(b) Modulation of metabolic enzymes

()  Humans

In human hepatic cell lines, treatment with
one of four glyphosate-based formulations
produced by the same company was shown to
enhance CYP3A4 and CYP1A2 levels, while
glutathlone transferese levels were reduced
(s et al 2010). [TheVorking Group noted
that it was not clear whether the effectswere
caused by glyphosate alone or by the adjuvants
contained in the formulation.]

(i) Experimental systems

Exposure of Wistar rats toaglyphosate-based
formulation significantly altered some hepatic
xenobiotic enzyme activities (Larsen
2014). Liver microsomes obtained from male
and female rats treated with the formulation
exhibited ~50% reductions in cytochrome
P450 (CYP450) content compared with control
(untreated) rats. However, opposing effectswere
observed when assessing 7-ethoxycoumarin
O-deethylase activity (7-ECOD, a non-specific
CYP450 substrate). Female rats treated with the
glyphosate-based formulation exhibited a 57%
increase in hepatic microsomal 7-ECOD activity
compared with controls, while male rats treated
with the formulation exhibited a 58% decrease in
this activity (Larsen ef al, 2074). [Th&Vorking
Group noted that it was not clear whether the
effectswere caused by glyphosate alone or by
adjuvants contained in the formulation.]

"g ?}{

4.1.5 Excretion

(@ Humans

Excretion of glyphosate in humans was docu-
mented in several biomonitoring studies. For
example, as part of the Farm Family Exposure
Study, urinary concentrations of glyphosate were
evaluated immediately before, during, and after
glyphosate application in 48 farmers and their
spouses and children (Acc et al., 2004).
Dermal contact with glyphosate during mixing,
loading, and application was considered to be the
main route of exposure in the study. On the day
the herbicide was applied, 60% of the farmers
had detectable levels of glyphosate in 24-hour
composite urine samples, as did 4% of their
spouses and 12% of children. For farmers, the
geometric mean concentration was 3 pg/L, the
maximum value was 233 pg/L, and the highest
estimated systemlc dose was 0.004 mg/kg bw
(AcaL el al, 2004). In a separate study,
detectable levels of glyphosate were excreted
in the urine of members of farm families and
of non-farm families, with geometric means
ranging from1.2t02.7 yg/L (Curwin ef al 2007).

In a study of a rural population living near
areas sprayed for drug eradication in Colombia
(see Section 141, ° )), mean urinary
glyphosate conoentratlons were 7.6 pg/L (range,
undetectable to 130 ug/L) (V& 9.
AMPA was detected in 4% of urine sempl&s
(arithmetic mean, 1.6 pg/L; range, undetectable
to 56 pg/L).

Vi

e
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(b) Experimental systems

In an NTP study in Fisher 344 rats given a
single oral dose of [“C]-labelled glyphosate (5.6
or 56 mg/kg bw), it was shown that >90% of
the radiolabel was eliminated in the urine and
faeces within 72 hours (Chan & | er, 19992). In
Sprague-Dawley ratsgiven [14C] Iabel Ied glypho-
sate at an oral dose of 10 or 1000 mg/kg bw,
~60—70% of the administered dose was excreted
in the faeces, and the remainder in the urine (
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). By either route, most (98%)of theadmin-
istered dose was excreted as unchanged parent
compound. AMPAwas theonly metabolitefound
in the urine (0.2-0.3% of the administered dose)
and faeces (0.2-0.4% of the administered dose).
[Théarge amount of glyphosate excreted in the
faeces is consistent with its poor oral absorption.]
Less than 0.3% of the administered dose was
expired as carbon dioxide.

In rhesus monkeys given glyphosate as
an intravenous dose (9 or 93 pg), > 95% of the
administered dose was excreted in the urine
(Wesler ef &/, "997). Nearly all the administered
dose waseliminated within 24 hours. In contrast,
in rhesus monkeys given glyphosate by dermal
application (5400 ug/20 cm 2), only 2.2% of the
administered dose was excreted in the urine
within 7 days (V\ester ef a/, 1997).

Overall, systemlcaHy absorbed glyphosate
is not metabolized efficientlyand is mainly
excreted unchanged into the urine.

42 Mechanisms of carcinogenesis

4.2 1 Genetic and related effects

Glyphosate has been studied for genotoxic
potential in a wide variety of assays. Studies
carried out in exposed humans, in human cells
in vitro, in other mammals in vivo and in vitro,
and in non-mammalian systems in vivo and in
vitro, respectrvely, are summarlzed m
Table 42, Table 4
[A review article by ! % | }
summarized the results of published articles
and unpublished reports of studies pertaining
to the genotoxicity of glyphosate and glypho-
sate formulations. A supplement to this report
contained information on 66 unpublished regu-
latory studies. Theonclusions and data tables
for each individual study were included in the
supplement; however, the primary study reports
from which these data were extracted were not
available to the Working Group. Thenformation

provided in the supplement was insufficient
regarding topics such as details of statistical
methods, choice of the highest dose tested, and
verificationof the target tissue exposure. The
Working Group determined that the informa-
tion in the supplementto Kier & K 3)
did not meet the criteria for data lnclusron aslaid
out in the Preamble to the JARC Monographs,
being neither “reports that have been published
or accepted for publication in the openly avail-
able scientifiditerature” nor “data from govern -
mental reportsthatarepubliclyavailable” (| A-C,
. Theeview article and supplement were
not considered further in the evaluation. ]

¢ s & 4
s (20

(@ Humans

()  Studies in exposed humans

S
In exposed individuals (n = 24) living in
northern Ecuador inareassprayed with aglypho-
sate-based formulation, a statistically significant
increase in DNA damage (DNA strand breaks)
was observed in blood oeHs collected 2 weeks to
2 monthsafterspraying ( Faz-y-i ).
Theame authors studied blood oeHs from mdl -
viduals (n =92) in 10 communities in Ecuador’s
northern border, who were sampled 2 years after
the last aerial spraying with a herbicide mix
containing glyphosate, and showed that their
karyotypes were normal compared with those of
a control group (& 2011).
asi et J) studied community
resndents (137 women of reproductive age and
their 137 spouses) from fiveregions in Colombia.
In three regions with exposures to glypho-
sate-based formulations from aerial spraying,
blood samples were taken from the same indi-
viduals at three time-points (before spraying
(baseline), 5days afterspraying and 4 months
afterspraying) to determine the frequency of
micronucleus formation in lymphocytes. The
baseline frequency of binucleated cells with
micronuclei was significantlyhigher in subjects
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from the three regions where there had been
eerial spraying with glyphosate-formulations
and in a fourth region with pesticide exposure
(but not through aerial spraying), compared
with a reference region (without use of pesti-
cide). Thérequency of micronucleus formation
in peripheral blood lymphocytes was signifi-
cantly increased, compared with baseline levels
in the same individuals, afteraerial spraying
with glyphosate-based formulatlons in each of
the three regions (see Tabled 1 ; Bol
2009). Immediately afterspraymg, subjects who
reporteddirect contactwith theglyphosate-based
spray showed a higher frequency of binucleated
cells with micronuclei. However, the increase in
frequency of micronucleus formation observed
immediately afterspraying was not consistent
with the rates of application used in the regions,
and there was no association between self-re-
ported direct contact with pesticide sprays and
frequency of binucleated cells with micronuclei.
In subjects from one but not other regions, the
frequency of binucleated cells with micronu-
clei was significantly decreased 4 months after
spraying, compared with immediately after
spraying.

(i) Human cellsin vitro
2
Glyphosate induced DNA strand breaks (as
me%ured bythe comet assay) in liver Hep-20eHs
) L. 2009 Iymphocytes

carcinoma hne( fal, 2072). DNA strand
breaks were induced by AMPA in Hep-2 celis
(Maris 200%90), and by a glyphosate-based
formulation in the TR146 buccal carcinoma cell
line (K of al., 2012).

In human Iymphocytes AMPA (IViz
, but not glyphosate (1/:
produoed chromosomal aberrations. Glyphosete
did not induce a concentration-related increase

46

in micronucleus formation in human lympho-
cytesat levelsestimated to correcpond to occupa—
ti nal and residential exposure (1! - etal,
20092). Sister-chromatid exchange was induced
by glyphosate (E

lymphocytes exposebl in vitro.

(b) Experimental systems
()  Non-human mammals in vivo

Theability of glyphosate or a glypho -
sate-based formulation to induce DNA adducts
was studied in mice given a single intraperito-
neal dose. Glyphosate induced DNA adducts
(8-hydroxy deoxyguanosine) in the liver, but not
in the kidney, while aglyphosate-based formula-
tion caused a slight increase in DNA adducts in
the kidney, but not in the liver (¢
1997). Fe (1928) showed thataglypho-
sete—based formulatlon (glyphosate, 30.4%), but
not glyphosate alone, caused DNA adducts (as
detected by #P-DNA post-labelling) in mouse
liver and kidney. Glyphosate and a glypho-
sate-based formulation produced DNA strand
breaks in the liver and kldney afterasingle intra -
peritoneal dose (50! fal, 1997).

In mice given asingle dose of glyphosate by
gavage, no genotoxic ffectwas observed by the
dominant lethal test (1.-/

After a single intraperitoneal dose, no
chromosomal aberrations were observed in the
bone marrow of rats treated with glyphosate (L.
‘ ), while chromosomal aberrations
wereincreased in the bone marrow of mice given
a glyphosate-based formulation (glyphosate
isopropylamine salt, ~41%) (Frasad ef o/, 2009).
A single oral dose of a glyphosate-based formu-
lation did not cause chromosomal aberrations in
mice (! 5).

In mice treated by intraperitoneal injec-
tion, a single dose of glyphosate did not cause

nde o | r*‘*;,/
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Table4.1 Genetic and related effectof glyphosate in exposed humans

Tissue  Celltype End-point Test
(if specified)

Blood NR DNA damage  DNA strend

bresks comet
assay

Lymphocytes Cromosomal Micronucleus
damage formation

Lyphocytes Chromosoma  Micronucieus
damage formation

a +, postive; —, negative
NR, not reported; vs, versus

Description of exposure and controls

24 exposed individuasin horthern
Ecuador; areas sprayed with glyphosate-
based formulation (sampling 2 wesksto
2 monthsafter spraying); control group
was 21 non-exposed individuals

55 community residents Narifio,
Colombia, area with aerial glyphosate-
based formuletion spraying for cocaand
poppy eradication (glyphosate was tank-
mixed with an adjuvant)

27 community residents, Valledd Cauca,
Colombia, area where glyphosate-based
formuleation was applied through serial
spraying for sugar-cane maturation
{glyphosate was applied without
adjuvant)

Responses/ Comments Reference
significance
+ P< 0001

+[P<0001] Pyvdussfor after
spraying vs before
spraying in the same
individuals

+[P=0001] Pvalues for after
Spraying vs before
spraying in thesame
individuals
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mlcronucleus formation in the bone marrow
2, although two dally doses
)-
AMPA, the main metabohte of glyphosate, also
produced micronucleus formation after two
daily intraperitoneal doses (Va1 é ).
Conflictingresults for micronucleus induction
were obtained in mice exposed intraperitoneally
toa glyphosate-based formulation. A single dose
of the formulation at up to 200 mg/kg bw did
not induce micronucleus formation in the bone
marrow inonestudy (Farnk J93),whileitdid
increase micronucleus formation at 25 mg/kg bw
in another study (* . Aftertwo
daily intraperitoneal doses, a glyphosate-based
formulation did not induce micronucleus forma-
tlon at up to 200 mg/kg bw accordlng to

Mé r}f s

the formulatlon did lnduoe mlcronucleus forma-
tion at 450 mg/kg bw. In mice given a single
oral dose of a glyphosate-based formulation at
1080 mg/kg bw no |nduct|on of micronuclei was
observed (L

(i)

Non-human mammalian cells in vitro

Glyphosate did not induce unscheduled DNA
synthesis in rat primary hepatocytes, or Hprt
mutation (with or without metabolic activation)
in Chinese hamster ovary cells (! 88

In bovine lymphocytes, chromosomal aber-
ratlons were lnduoed by glyphosate in one study
(

CHO K1 ovary oeH line, that glyphosatelnduoed
micronucleus formation only in the presence
of metabolic activation, while AMPA induced
micronucleus formation both with and without
metabolic activation. Sister-chromatid exchange
was observed in bovine lymphocytes exposed

19

to glyphosate (Lo ) or a glyphosate
formulation (in the absence but not the presence
of metabolic activation) (& : \

‘ri/ 5

48

(ii)  Non-mammalian systemsin vivo
See
Fish and other species

In fish, glyphosate produced DNA strand
breaks in the comet assay in sabalo (!

214), and Nlle
4). AMPA also
induced DNA strand breaks in the comet assay
in European eel (Gui ). A

glyphosate-based formulation |oroduoed DNA
strand breaks in numerous fish specnes such

of ), neotropical ﬂsh Corydoras paleatus
g L2019, carp
and goldfish

: o 2007).

AMPA, the main metabolite of glyphosate,
induced erythrocytic nuclear abnormalities
(kidney-shaped and lobed nuclei, binucleate or
segmented nuclei and micronuclei) in European

(« ). Micronucleus

formatlon was lnduoed by dn‘ferent glypho—

élyphosate—based formulations induced
DNA strand breaks ln other species, including
carman (

tadpoles
Lo

and mussel glochldra
earthworms, one glyphosate-based formulatlon
induced DNA strand breaks while two others
did not (Fiola ef al nophra
4 hrghhghtmg the potentlal lmportanoe of
components other than the active ingredient in
the formulation.
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Table 4.2 Genetic and related effectof glyphosate, AMPA, and glyphosate-based formulationsin human cellsin vitro

Tissue, cell line

Glyphosate

Lymphocytes

Fibroblast GM 38

Fibrosarcoma
HT1080

Lymphocytes

End-point

DNA damage

DNA damage

DNA damage

Chromosomal
damage

Test

DNA strand bresks,
stendard and
hOGE1 modified

comgel assay

DNA sirand breaks,
comet assay

DNA strand breaks,

comet assay

Chromosomal
aberrations

Resultsa Dose Comments Reference
- (LED or HID)

Without With

metabolic metabolic

activation activation

With the hOGG1
modifiedcomet assay,
+ 80 theincreasewas
significant { P< 0.01)
only at the highest
dose tested (580 /ML)
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Table4.2 (continued)

Tissue, cell line End-point

Lymphocytes Chromosomal

Glyphosate-based formulations

Buccal carcinoma ~ DNA damage

TR146

Lymhocyt&s Chromosoma
damage

Test Resultsa Dose
(LED or HID)

Without With
metabolic metabolic
activation activation

Sster-chromatid + NT 1000 pg/mL

A stran .5 mM
comet assay [500 ug/mL ]

DNA strand bresks,
SCGE assay

Sster-chromatid 100pgimL.
exchange

a +, positive; -, negative; (+) or (-) positive/negativein astudy with limited quality

AMPA, aminomethyl phosphonic acid; HID, highest ineffective dose; hOGG1, human 8-hydroxyguanosine DNA-glycosylass, LED, lowest effective dose; NR, not reported; NT, not

tested; 09,9000 x gsupernatant; SCGE, single call gl electrophoresis, vs, versus

Comments

P<005

. .5 mM,
P<00latupto
7.5mM
Dose-response
relationship (r =z 0.90;
P<005)

_ Glyphosete acid,

450g/L
Dose-dependent
increase (P = D.05)

Glyphosete 30.4%
P<005

Reference

¢l 1 = SHAVEOONOWN Jdvi
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Micronucleus formation was induced by
a glyphosate-based formutation (glyphosate
36%) in earthworms (IViuangphra ef al, 2014),
and bya dlfferentglyphosete—m formutatlon
ln calman (s 20049, 2017), and frog

fal 200

Insects

Instandard Drosophila melanogaster, glypho-
sate induced mutation in the test for somatic
mutation and recombination, but not in a cross
of fliescharacterized by an increased capacit
for CYP450-dependent bioactivation (<ava
. A glyphosate-based formulation
sex-linked recessive lethal mutations
Kale ef al., 1995).

in Drosophila (1<

%

Plants

In plants, glyphosate produced DNA damage
in Trackxantia in the comet assay (A varn
Mova el 2/, 2011). Chromosomal aberration was
lnd uwd aftelexposu retoglyphosate in fenugreek

of g, 2072), and in onion in one study
. 2013), but not in another (Hank
A glyphosate-based formulation
also induced chromosomal aberration in barley
roots ([ rute ef 2/ Z011) and onion (Han!
but not in Crepis capillaris (hawksbeard)
ov et al.. 2006). Micronucleus formation
was not mduoed by glyphosate in Vicia fababean
(De Marco ef al., 1992) or byaglyphosate—b%d
fi mutatlon in Cnep/s capillaris (D imitrov «

s;

e

(iv) Non-mammallan systemsin vitro

Glyphosetev induced DNA strand breaks in
erythrocytes of tltapla fish,as demonstrated by

Moya et al. 2014).

o-Move ef gl

Glyphosate dld not induce mutation in
Bacillus subtillis Salmonella  typhimurium
strains TA1535, TA1537, TA1538, TA98, and
TA100, or in Escherichia coli WP2, wnth or
without metabohc actlvatlon( P& Long,
However, Hanl el al (1993 demonstrated that

a glyphosate-based formulation was mutagenic
in S typhimurium TA98 in the absence of meta-
bolicactivation,and in S. typhimurium TA100 in
the presence of metabolic activation.

4.2.2 Receptor-mediated mechanisms
(@) Sex-hormone pathway disruption
()  Humans

Studies in exposed humans
No data wereavailable to the Working Group.

Human cellsin vitro

In hormone-dependent T47D breast cancer
cells, the proliferative effects of glyphosate
(10-8 to 1 uM) (see Section 4.2.4) and those of
17B-estradiol (the positive control) were miti-
gated by the estrogen receptor antagonist, IClI
182780; the proliferative effect of glyphosate
was completely abrogated by the antagonist at a
concentration of 10 nM (1 hongprs ot al.,
2012). Glyphosate also induced activation of the
estrogen responseelement (ERE) in T47D breast
cancer cells that were stably transfected with a
triplet ERE-promoter-luciferase reporter gene
construct. Incubation with ICI 182780at 10 nM
eliminated the response. When the transfected
cells were incubated with both 173-estradiol
and glyphosate, the effectof 17B-estradiol was
reduced and glyphosate behaved as an estrogen
antagonist. After6 hours of incubation, glypho -
sateincreased levelsofestrogen receptorsERaand
ERB in a dose-dependent manner in T47D cells;
after24 hours, only ERpB levels were increased
and only at the highest dose of glyphosate. [ These
findingssuggested that the proliferativeeffectsof
glyphosate on T47D cells are mediated by ER.]

In human hepatocarcinoma HepG2 cells,
four glyphosate-based formulations produced
by the same company had a marked effecton
the activity and transcription of aromatase,
while glyphosate alone differed from controls,
but not significantlyso (C c 2009).

ot
W &

51

EPAHQ_0005929



0£65000 OHVd3

Zs

Table 4.3 Genetic and related effectsof glyphosate, AMPA, and glyphosate-based formulationsin non-human mammalsin vivo

Species, srain - Tissue  End-point
(=)

Glyphosate

~ DNA damage

DNA damage

Chromosomal
damage

Chromosomal
damage

Test

DNA adducts
8-OHdG by
LCIUNV

DNA addugcts,
2P DNA post
labelling

breaks alkaline
gution assay

Chromosomal
aberrations

Micronucleus
formation

Results

Dose (LED or
HID)

300 ma/kg bw

1000 mg/kg bw

300 my/kg bw

Route, duration,
dosing regimen

p.; 1x: sampled
after 8and 24 h

ipilx %lmpl
after 24 h

ipilx; I
after dand 24 h

1

after 6, 12and 24 h

P 2% 150 my/
kg bwwith 24 h
interval; sampled
6or 24 h after the
last injection

Comments

Sngledosetested only

lyphosate
isopropylammonium salt

9
P<005after4h

Sngedosetested only

Sngledosetested only
P<0.054fter 24 h

Reference

¢l 1 = SHAVEOONOWN Jdvi
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Table4.3 (continued)

Spedies, strain  Tissue  End-point Test Results Dose(LED or Route duration, Comments Reference
(sx) HID) dosing regimen

Glyphosate-based formulations

S 4+ ~300mgkgbw ip.1x sampled  Glyphosate 30.4%
8-0OHdG by after 8and 24 h Sngledosetested only
LCIUV P<005

Mouse, Swiss  Liver DNAdamage  DNA adducts 400 mg/kgbw  ip,;1x sampled Glyphosate
cD1 ZP_DNA post after 24 h iSopropylammonium salt,
M B labelling 304%

Mouse Swiss  Kidney = DNA dage DNA drand + ~300 mg/kgbw  i.p; 1 x; sampled Glyphosate 30 4%
D1 breaks alkaline atter 4 and 24 h Sngle dosetested only
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Table4.3 (continued)

Spedies, strain  Tissue
(s=x)

End-point

Chromosomal
damage

Mouse Swiss  Bone
abino marrow
(M)

hromomal
damage

Mouse Swiss _ Bone
M, F) marrow
(PCE)

Bone Chromosomal
marrow  damage
(PCE)

2+, positive; -, negetive; (+) or (-) postive/negetivein astudy with limited quality

Test

Chromosomal
aberrations

Micronucleus

formation

Micronucleus
formation

Results Dose (LED or

+

HID)
25 ma/kg bw

200 m kg bw

450 mg/kg bw

Route, duration,
dosing regimen

i.p,; 1x sampled
after 24, 48 and
2h

i.p.; 2 x within

24 h interval and
sampled 24 h after
thelast injecti

2% 225 myglkg
with 24 h interval,
sampled 6 or 24
h after thelast
injection

Comments Reference

Glyphosate

isopropylaminesait, > 41%

Theercentage of aberrant

cellswasincreased vs

control in adose- and

time-dependent manner
P<005

Glyphosate
isopropylammonium sait,
480 gL

Glyphosate, 30.4%
Sngledosetested only
P<005efter6hand 24 h

bw, body weight; F, femae; h, hour; HID, highest effective dose; i p., intraperitoned; LC, liquid chromatography; LED, lowest effective dose; M, mae; PCE, polychromatic erythrocytes,
p.o., oral; 8-OHdG, 8-hydroxydeoxyguanosine; UV, ultraviolet
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Table 4.4 Genetic and related effectof glyphosate, AMPA, and glyphosate-based formulationsin non-human mammalian

cellsin vitro

Species Tissue, call End-point Test
line

Glyphosate

CHO-K,BH, Mutation Hprt mutation
ovary, cdl line

ovary cell line  damage formation

Glyphosate-based formulations

Lymphocytes  Chromosomal  Sster-
damage chromatid
exchange

2+, positive; —, negative; (+), weakly postive
AMPA, aminomethyl phosphonic acid; HI C, highest ineffective concentrétion;
not tested

Results? Dose Comments Reference

(LEC or HIC)
Without  With

metabolic metabolic
activation activation

22500 gml

<0001, in a
Negative-0 in the dark or
with light irradiation

56 UM Glyphosate 62%
[95gimlL] Timeof exposure 24 h
P<001 -0 a > 56 UM

Hprt, hypoxanthine guanine phosphoribosy| transferase gene, LEC, lowest effective concentration; NT,
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Table4.5 Genetic and related effectof glyphosate, AMPA, and glyphosate-based formulationsin non-mammalian systems

invivo
Phylogenetic ~ Spedies, strain, tissue End-point Test Resultss Dose Comments Reference
class (LED or HID)

h

D damage

' i/a Qi
(European &), blood
cdls

Oreochromis
niloticus(Nile
tilapia) branchial
erythrocytes

DNA damage

DroSophjla standard
Cross

Mutation

DNA strand
bresks comet

assely

DNA strand
bregks comet
assay

1mM
[0.169 mg/L]

Timeof exposure, 10 days
P<0.001 with
concéntrationsz 7 UM

Purity, %%

Increased frequency of
small singlespots(z 1 mM)
and tota spots(= 2 mM)
P=005
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Table4.5 (continued)

Phylogenetic  Species, strain, tissue

class

Plent sysems  Tradescantia clone
4430 (spiderworts),

staminal hair nuclg

Plent systems  Alljum cepa (onion)

Anauilla anauilla |
{European ed)

Glyphosate-based formulations

End-point

DNA damage

Chromosomal

DNA damage

Test Results2

DNA strand
breaks comet

assay

Chromosomal
aberrations

formetion

DNA strand
breaks comet

assely

Dose
(LED or HID)

0.0007 mM
1012 pg/mi ]

(1400 ug/g of
oil)

00118 mglL

Comments

Glyphosate jsopropylamine

st

P<0.01for directly

exposed nucle (dose-

dependent incresse) and
lents

Glyphosate isopropylamine

soil, but not without soil

Timeof exposure, 1 and
3days
P< 005 after 1 day of

Reference

ajesoydA|n
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Table4.5 (continued)

Phylogenetic
class

Fish

Species, strain, tissue  End-point

Anguilla anauilla L.
(European &), blood
cells

DNA damage

DNA damage

Prochilodus lineatus
(sabalo), erythrocytes
and gill cdlls

Channa puncatus
{bloch), blood and gill
cells

DNA damage

Test Resultsa

DNA stirand
breaks,

comet assay
improved with
the DNA-
|esion-specific
FPG and Endo
1H

DNA strand
breaks comet

asscly

DNA strand
bresks come

assay

Dose
(LED or HID)

0116 mo/L

325 ma/L

Comments

Singledosetested only
Timeof exposure, 3days;
recovery from non-specific
DNA damage but not
oxidative DNA damage, 14
days after exposure
P<005

Glyphosate-based
formulation, 480 g/L
Timeof exposure, 6, 24 and
9B h

P< 0001 after 24 and % h
in erythrocytesand 24 h in
gill cells

Exposure continued for 35
days blood and gill cdlls
collected onday 1, 7, 14, 21,
28and 35

P< 001, for blood and

gill edlls DNA damage
increased with time and
concentration

Reference

¢l 1 = SHAVEOONOWN Jdvi
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Table4.5 (continued)

Phylogenetic  Species, strain, tissue
class

Cyprinys carpio
Linnaeus (carp),
erythrocytes

Prochilodus lineatu
(sabalo) erythrocytes

End-point

DNA damage

Chromosoma

damage

Test

DNA strand
breaks, comet
a$ay

Micronudeus
formation

Results?

Dose
(LED or HID)

2mg/L (10%
LC., % h)

Comments

Glyphosate equivaent to
360 gL
Sngledosetested only, for

16 days
P< 001

ng ested only, for
6,24 and B h
Nudear abnormalities
(lobed nuclgi, ssgmented

Reference

ajesoydA|n
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Table4.5 (continued)

Phylogenetic ~ Species, strain, tissue

class

Fish Tilapia rendalli
(redbreast tilapia)
blood erythrocytes

Posdiljareticulata
(9uppy) gill
erythrocytes

nesgerodon
decemmaculatus
(byns 1842)
peripheral blood
erythrocytes

End-point

Chromosomeal
damage

hroomal
damage

Test Resultsa

Micronudeus +
formation

M ironuclaJS
formation,
ENA

Micronucleus
formation

Dose
(LED or HID)

42 mg/kg bw

1ML
10914 mgl]

Comments

Glyphosate 480 g/L
Increased frequency of
micronucleus formation
vscontrol (P<0.05) in
blood samples collected 4
daysafter asingeintra
abdominal injection of 42,
85 or 170 mg/kg bw

Glyphosate 64.8%, m/v
(68gL)

Micronucleus formétion,
P<001

Other nuclear
abnormalities, P=005
at 14110565 /L
concentratjon-dependent

yphosate
Timeof exposure 48 and
%Bh
P<001 with 29and
459mg/L and P<005a
688 myglL. for % h

Reference

¢l 1 = SHAVEOONOWN Jdvi



6E£65S000 OHVYJ3

19

Table4.5 (continued)

Phylogenetic ~ Species, strain, tissue End-point

class

Anguilla anguilla
L. (European ed),
peripheral mature
erythrocytes

damage

DNA amage

Caiman latirosris
(broad-snouted
caiman), erythrocytes

Chromosomal

Test Results2 Dose
(LED or HID)

Other (ENA) 0.058 mg/L

DNA strand 19800 mg/L
bresks, comet

assay

Comments

Timeof exposure 1and
3days

Chromosomal breakage
and/or chromosomal
segregational abnormalities
after 3 days of exposire,
P<005

Glyphosate, 66.2%
Singledosetested only; in-
oVOo exposure

First spraying exposure

a thebeginning of
incubation period, asecond
exposureon day 35, then

. . | ook

Reference

ajesoydA|n
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Table4.5 (continued)

Phylogenetic
class

Caiman latirosris
(broad-snouted

Caiman

caiman), erythrocytes

Elautherodactylus
johngondg (Antilles
cogui), erythrocytes

alexandrina,
haemolymph

Species, strain, tissue  End-point

Chromosomél
damage

DA dameage

DA damage

Test Resultsa

Micronudeus +
fomation

DNA strand
bresks, comet

assay

DNA strand
breaks, comet
assay

Dose
(LED or HID)

198g/L

05 pHgae/cm?

Comments

Glyphosate, 66.2%
Onedosetested: in-ovo
exposure

First spraying exposure
&t thebeginning of
incubation period, asecond
exposiireon day 35, then
incubation until hatching.
Micronucleus formation,
P<0.001

Damageindex, P< 0.001

Glyphosate-based
formulation, 480 g/L
Exposure to an homogenate
mistina300cm2glass
terrarium

Timeof exposure 05,1, 2,
4,8and 24h

P 5

Glyphosate, 48%
Sngledosetested only,

for 24 h. The percentage of
damaged DNA was21%vs
4% (contro})

No statistical analysis

Reference

¢l 1 = SHAVEOONOWN Jdvi
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Table4.5 (continued)

Phylogenetic ~ Species, strain, tissue End-point

class

Clam Corbicula fluminea
[ASen dam)
haemocytes

DNA damage

worm, Eisenia
andrel, codlomocytes

Earthworm, DNA damage
Pheretima pequana,

coglomocytes

Test Results2 Dose
(LED or HID)

DNA strand 10 mgL
bregks, comet

assay

240 pg ae/om

NA strand
bresks, comet
assay

DNA strand
bregks, comet
assay

251.50 pg/em?

Comments

Timeof exposure 96 h
Sonificantincresse when
atrezine (2 or 10mg/lL)
was added to glyphosate
(P< 0.05)

No increase gfterexposure
to atrezine or glyphosate
separately

Monoammonium salt,

854% ae
Epidermic exposure during
72 h (on filter paper)

Adtiveingredient, 36%
(W)

Epidermic expostire48 h on
filter paper; LC ., 251 .50 pg/
cm?

Reference

ajesoydA|n



Z¥65000 OHVd3

Table4.5 (continued)

Phylogenetic ~ Species, strain, tissue  End-point
class

I nsect Drosophila Mutation
meanogaster

Plant systems ri Capilar/S ' Chomosomal
(hawksbeard) damage

Plt systems  Crepjscapillaris Chromosomal
(hawkspeard) damage

Test Resultsa

Seclinked
recessive
lethal
mutations

i romosoml

aberrations

Micronucleus -~
formation

a +, positive; — negetive; (+) or (—) positive/negativein astudy with limited quality
ae, acid equivalent; AMPA, aminomeéthyl phosphonicacid; bw, body weight; ENA, erythrocytic nuclear abnormalities; Endo 111, endonudease | 11; FPG, formamidopyrimidine

glycosylase; h, hour; HID, highest ineffectivedose; LC  ,, median letha dose; LED, lowest effective dose; NOEC, no-observed effect concentration; p.o., oral; SMART, somatic mutation

and recombination test

Dose
(LED or HID)

1ppm

Comments Reference

Sngledosetested only
P< 0001

Thehighest dosetested
{1%9) wes toxic

Thehighest dosetested
(1%) wes toxc

¢l 1 = SHAVEOONON Jdvi
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Table 4.6 Genetic and related effectsof glyphosate and glyphosate-based formulationson non-mammalian systemsin vitro

Phylogenetic  Test system
class (Species; strain)

Glyphosate

Prokaryote
(bacteria)

Soytonana
javaniaim
(cyanobacteria)

Prokaryote  Migoois
(bacteria) viridis
{cyanobacteria)

Salmonédlla
typhimurium
TA1535, TA1537,
TA1538 TA9B
and TA100

Prokaryote
(bacteria)

End-point

DNA damage

DNA damsege

Mutation

Test

DNA strand
breaks FADU
oy

DNA strand
breaks FADU

assaly

Reverse
mutation

Results?

Without
metabolic
activation

)

Concentration
(LEC or HIC)

10 UM

[1.7 pg/mL] (in
combination with
VB

10 1LM

[1.7 ygimL] (in
combination with
UVB)

5000 pg/plate

Comments Reference

Co-exposure to
glyphosate (not tested
alone single dose tested
only) enhanced UVB-
induced increases

Co-exposure to
glyphosate (not tested
alone singie dose tested
only) enhanced UVB-
induced increases

ajesoydA|n
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Table4.6 (continued)

Phylogenetic  Test system End-point  Test Results® Concentration ~ Comments Reference

class (species; strain) PE— (LEC or HIC)

metabolic metabolic
activation activation

Acdlular Prophage DNA damage DNA strand ) NT 75 m\) Glyphosate inhibited
systems superhelica PM2 breaks [127mg/mL] (in H,O.,-induced damage
DNA combination with  of PM2 DNA at
H,O, (100 uM) concentretions where
synergisim was observed
in cdllular DNA damaege
(data NR)

Prokaryote Salmonélla Mutetion Reverse 360 pg/plate Glyphosate
(bacteria) typhimurium mutation isopropylammonium

2+, positive; — negetive; (+) or (—) positive/negetivein astudy with limited quality
FADU, fluoromeétric analysisof DNA unwinding; HIC, highest ineffective concentration; LEC, lowest effective concentration; NR, not reported; NT, not tested; UVB, ultraviolet B

¢l 1 = SHAVEOONOW Jdvi
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Additionally, although all four glyphosate-based
formulationsdramatically reduced the transcrip-
tion of ERa and ERB in ERE-transfected HepG2
cells, glyphosate alone had no significanteffect.

Glyphosate and all four formulations reduced
androgen-receptor transcription in the breast
cancer cell line MDA-MB453-kb2, which has a
high level of androgen receptor, with the formu-
lations showing greater activity than glyphosate
alone.

In a human placental cell line derived from
choriocarcinoma (JEG3 cells), 18 hours of
exposure to a glyphosate-based formulation
(1050 = 004%) decre%d aromatase activity
(Richard ef al, 2005). Glyphosate alone was
wrthout effect. Theonoentratlons used did not
affect cell viability.

Glyphosate, at non-overtly toxic concen-
trations, decreased aromatase activity in fresh
human placental microsomes and transformed
human embryonic kidney cells (293) transfected
WIth human aromatase cDNA (G« r
). A glyphosate-based formulation, at
non-overtly toxic concentrations, had the same
effect. Théormulation was moreactive at equiv -
alent doses than glyphosate alone.

In human androgen receptor and ERa and
ERB reporter gene assays using the Chinese
hamster ovary cell line (CHO-K1), glypho-
sete had neither agonist nor antagonist activity

4 o
(% EHM xfr, u/g /}a;é

(i) Non-human mammalian experimental

systems

In vivo
No data wereavailable to the Working Group.

In vitro

wour ef al (20073 and |
reported that glyphosate and a glypho-
sate-based formulation inhibited aromatese
actnvnty in mlcrosomes derlved from equine
testis. | )
ance spectrum consrstent with an interaction

45“ ’/ ﬂ’rf‘(

between a nitrogen atom of glyphosate and
the active site of the purifiedequine aromatase
enzyme.

In the mouse MA-10 Leydig cell tumour cell
line, a glyphosate-based formulation (glypho-
sate, 180 mg/L) markedly reduced [(Bu)]
cAMP-stimulated progesterone production
(\Weish et ol 2000). Thenhibition was dose-de -
pendent, and occurred in the absence of toxicity
or parallel reductions in total protein synthesis.
In companion studies, the formulation also
disrupted steroidogenic acute regulatory protein
expression, which is critical for steroid hormone
synthesis. Glyphosate alone did not affectsteroi -
dogenesrs at any dose tested up to 100 pg/L.
Fore al. (2012} found that glyphosate (300uM)
had no effecton testosteroneproductionin a novel
murine Leydig cell line (BLTK1).Glyphosate did
not modulate the effectof recombinant human
chorionic gonadotropin, which served as the
positive control for testosterone production.

(ii)  Non-mammalian experimental systems

Gonadal tissue levels of testosterone, 173-estra-
diol and total microsomal protein were signifi-
cantly reduced in adult snails (Biomphalaria
alexandrina) exposed for 3 weeks to a glypho-
sate-based formulation (glyphosate, 48%) at
the LC,, (10% lethal concentration)
& | . 2017). Theseffectspersisted aftera
2-week recovery period, although the impact
on 17B-estradiol was reduced in the recovery
animals. Théormulation also induced marked
degenerative changes in the ovotestis, including
absence of almost all the gametogenesis stages.
CYP450 1B1, measured by enzyme-linked
immunosorbent assay (ELISA), was substantially
increased in the treated snails, including afterthe
recovery period.

Glyphosate (0.11 mg/L for 7 days) did not
increase plasma vittelogenin levels in juvenile
rainbow trout (e ef al  2005).
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(b) Otherpathways
()  Humans

Studies in exposed humans
No data wereavailable to the Working Group.

Human cellsin vitro

Glyphosate did not exhibit agonist activity in
an assay fora human pregnane X receptor (PXR)
reporter gene in a CHO-K1 cell line (K

, 2010).
(i) Non-human mammalian experimental

systems

In vivo

In rats, glyphosate (300 mg/kg bw, 5 days per
week, for 2 weeks) had no effecton the formation
of peroxisomes, or the activity of hepatic carni-
tine acetyltransferase and catalase, and did not
cause hypolipidaemia, suggesting that glyphosate
does not have peroxisome proliferator-activated
receptor activity (° al., 1983).

In vitro

Glyphosate was not an agonist for mouse
peroxisome proliferator-activated receptors
PPARa or PPARY in reporter gene assays usi ng
CV-1monkey kidney cells in vitro (i
2010). Glyphosate was also not an agonist forthe
aryl hydrocarbon receptor in mouse hepatoma
Hepatcic/cells stably transfected with a reporter
plasmid contamlng copies of dioxin-responsive
element (lawuchi ef & 8).

(i)  Non-mammalian experimental systems

As a follow-up to experiments in which
injection of glyphosate, or incubation with a
glyphosate-based  formulation  (glyphosate,
48%), caused chick and frog (Xenopus laevis)
cephalic and neural crest terata characteristic of
retinoic acid signalling dysfunction,
J1 measured retinoic acid activity in
tadpol&s exposed to a glyphosate-based formu-
lation. Retinoic activity measured by a reporter

68

geneassay was increased by the formulation,and
a retinoic acid antagonist blocked the effect. This
indicated a possible significant modulation of
retinoic acid activity by glyphosate.

4.2 3 Oxidative stress, inflammationand

immunosuppression
(a) Oxidative stress
()  Humans
Studies in exposed humans

No data wereavailable to the Working Group.

Human cells in vitro

Several studies examined the effects of
glyphosate on oxidative stress parameters in the
human keratinocyte cell line HaCaT .
~found that a glyphosete—based formu—
lation was cytotoxic to HaCaT cells, but that
addition of antioxidants reduced cytotoxicity.

of al. (2010) showed that incubation
of HaCaT cells with glyphosate at 21 mM (the
half maximal inhibitory concentration for cyto-
toxicity, 1C,,) for 18 hours increased production
of hydrogen peroxide (H,O,) asshown by dichlo-
rodlhydroﬂuor&soemdlaoetate assay. Similarly,
o & Shukla (2013) exposed HaCaT cells
to a glyphoaete—based formulation (glyphosate,
41%,; concentration, up to 0.1 mM) and evalu-
ated oxidative stress using the dichlorodihydro-
fluorescein diacetate assay. Theformulation
(0.1 mM) increased maximum oxidant levels
by approximately 90% compared with vehicle,
an effectsimilar to that of H,0, (100 mM).
Pre-treatment of the cells with the antioxi-
dant N-acetylcysteine abrogated generation of
oxidants by both the formulation and by H,0..
N-Acetylcysteine also inhibited cell proliferation
induced by the glyphosate-based formulation
(0.1 mM). [Th&Vorking Group noted the recog -
nized limitations of using dichlorodihydrofiuo-
r&soeln dlaoetate asa marker of oxudatlve stress

- Ke g ey
(7 8 {/ L % 5 L aEn i ,
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and that the studies that reported this end-point
as the sole evidence for oxidative stress should
thus be interpreted with caution.]

Chaufan_ef al. (2014) evaluated the effects
of glyphosate, AMPA (the main metabolite of
glyphosate), and a glyphosate-based formulation
on oxidative stress in HepG2 cells. Théormula -
tion, but not glyphosate or AMPA, had adverse
effects. Specifically, the formulation increased
levels of reactive oxygen species, nitrotyrosine
formation, superoxide dismutase activity, and
glutathione, but did not have an effecton cata -
Iase or glutathione—S—transferase activities.
el al (2014) exposed Hep2 cells to a
glyphoaete—besed formulatlon (glyphosate as
isopropylamine salt, 48%) at the LC,, (concen -
tration not otherwise specified)and evaluated
various parameters of oxidative stress. Exposure
to the formulation for 24 hours increased catalase
activity and glutathione levels, but did not have
an effecon superoxidedismutase or glutathione-
S-transferase activity.

Using blood semples from non-smoking
male donors, | 2050 examined
the effectsof in- v:tro exposure to glyphosate on
oxidative DNA damage in primary lymphocyte
culturesand onlipidperoxidationin plasma.Both
parameters weresignificantlyelevated at glypho -
sate concentrations of 580 pg/mL (~34 mM),
but not at lower concentrations. |

tal (4 examined the effectsof glyphosate,

its metabolite AMPA, and N-methylglyphosate
(among other related compounds) in human
erythrocytes isolated from healthy donors. The
erythrocytes were exposed at concentrations
of 0.01-5mM for 1, 4, or 24 hours before flow
cytometric measurement of the production of
reactive oxygen species with dihydrorhodamine
123. Production of reactive oxygen species was
increased by glyphosate (= 0.25 mM), AMPA
(=2 0.25mM), and N-methylglyphosate(= 0.5mM).

(i) Non-human mammalian experimental

systems

Most of the studies of oxidative stress and
glyphosate were conducted in ratsand mice, and
examined a range of exposure durations, doses,
preparations (glyphosate and glyphosate-based
formulations), administration routesand tissues.
In addition, various end-points were evaluated
to determine whether oxidative stress is induced
by exposure to glyphosate. Specifically, it was
found that glyphosate induces production of free
radicals and oxidative stress in mouse and rat
tissues through alteration of antioxidant enzyme
activity, depletion of glutathione, and increases
in lipid peroxidation. Increases in biomarkers of
oxidative stress upon exposure to glyphosete in
VIVO have been observed in blood plasma (£

) and
J90).Several stud iesdemon-
strated snmllar effectswnth a glyphosete—b&d
formulatlon in the liver . 199

?‘w

cide mlxture containing glyphosate in the testes
(Asti 1/ 2013). Pre-treatment with antioxi-
dants has been shown to mitigate the induction
of oxidative stress by a glyphosete—based formu-
lation (Can et al 2011) and by a pesticide
mixture contammg glyphosete (Astizetal  2013).
DNA damage associated with oxidativestress
afterexposure to glyphosete (e.g. as reported in
B al, 1997) isreviewed inSection 4.2.1.

(i)  Non-mammalian experimental systems

Positive associations between exposure to
glyphosate and oxidative stress were reported in
varlous tissues in aquatic organisms (reviewed in
ove et al 2009). Glyphosate and various
glyphosate-based formulations have been tested
in various fishspecies for effectson a plethora
of end-points (eg. lipid peroxidation, DNA
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damage, expression of antioxidant enzymes,
levels of glutathione), consistently presenting
evidence that glyphosate can cause ox1dat|ve
stressin fish( | )

were observed in bullfrog tadpoles expmd to
a glyphosate—based formulatlon

).

(b) Inflammationand immunomodulation

()  Humans

Studies in exposed humans
No data wereavailable to the Working Group.

Human cellsin vitro

B (2002) investigated the
effects of glyphosate on cytokine production
in human peripheral blood mononuclear cells.
Glyphosate (1 mM) had aslight inhibitory effect
on cell proliferation, and modestly inhibited
the production of IFN-gamma and IL-2. The
production of TNF-a and IL-1 3 was not affected
by glyphosate at concentrations that significantly
inhibited proliferativeactivity and T-cell-derived
cytokine production.

ime e al

(i) Non-human mammalian experimental
systems

Kumaretal (2074 studiedthepro-inflamma
toryeffectsofglyphosateand farmair samplesin
wildtype C57BL/6and TLR4-- mice, evaluating
cellular response, humoral response, and lung
function. In the bronchoalveolar lavage fluid
and lung digests, airway exposure to glyphosate
(10or 100 pg) significantlyincreased the total cell
count, eosinophils, neutrophils, and IgG1 and

70

IgG2a levels. Airway exposure to glyphosate
(100 ng, 1 ug, or 100 g per day for 7 days) also
produced substantial pulmonary inflammation,
confirmedby histological examination. In addi -
tion, glyphosate-rich farm-air samples signifi-
cantly increased circulating levels of 1L-5, IL-10,
IL-13and [L-4 in wildtype and in TLR4-- mice.
Glyphosate was also tested in wildtype mice
and significantlyincreased levels of IL-5, IL-10,
IL-13,and IFN-y (but not IL-4). Thglyphosate-
induced pro-inflammatoryeffectsveresimilar to
those induced by ovalbumin, and there were no
additional or synergistic effectsvhen ovalbumin
was co-administered with glyphosate.
Pathological effects of glyphosate on the
immune system have been reported in 13-week
rat and mouse feeding studies by the NTP (Chan
& Mahler, 2). Relative thymus weight was
decreased in male rats exposed for 13 weeks,
but increased in male mice. Treatment-related
changes in haematological parameters were
observed in male rats at 13 weeks and included
mild increases in haematocrit [erythrocyte
volume fraction] and erythrocytes at 12 500,
25000, and 50 000 ppm, haemoglobin at 25 000
and 50 000 ppm, and platelets at 50000 ppm.
In female rats, small but significant increases
occurred in lymphocyte and platelet counts,
leukocytes, mean corpuscular haemoglobin, and
mean corpuscular volume at 13 weeks.
studied the humoral immune
response in female CD-1 mice given drink-
ing-water containing a glyphosate-based formu-
lation at concentrations up to 1.05% for 26 days.
Thenicewereinoculated withsheeperythrocytes
to produce a T-lymphocyte, macrophage-de-
pendent antibody response on day 21 of expo-
sure. Antibody production was not affectedby
the formulation.

(ii)  Non-mammalian experimental systems

A positive association between exposure to
glyphosate and immunotoxicity in fishhas been
reported. Kreutz el al (2017 reported alterations
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in haematological and immune-system parame-
ters in silver catfish( Rhamdia quelen) exposed
to sublethal concentrations (10% of the median
lethal dose, LC,, at 96 hours) of a glypho-
sate-based herbicide. Numbers of blood eryth-
rocytes, thrombocytes, lymphocytes, and total
leukocytes were significantly reduced after 96

hoursofexposure, while the number ofimmature
circulating cells was increased. Thephagocytic

index, serum bacteria agglutination, and total
peroxidase activity were significantly reduced
after24 hours of exposure. Significantdecreases

in serum bacteria agglutination and lysozyme
activity were found after 10 days of exposure.

No effecton serum bactericidal and complement
natural haemolytic activity was seen after 24
hours or 10 days of exposure to glyphosate.

0} demonstrated effects
ofa glyphoaete—based formulation (glyphosate,
48%) at 1/1000 of the concentration recom-
mended for field application on humoral and
cellular immune response in bolti fish( Tilapia
nilotica). Thenitogenic responses of splenocytes

to phytohaemagglutinin, concanavalin A, and
lipopolysaccharide in fishexposed to glypho -
sate for 96 hours were gradually decreased and
reached maximum depression after 4 weeks.

Glyphosate also produced a concentration-de-
pendent suppression of in-vitro plaque-forming
cells in response to sheep erythrocytes.

v ef al (19

4.2.4 Cell proliferation and death

(@ Humans

()  Studies in exposed humans
No data wereavailable to the Working Group.

(i)  Human cellsin vitro

Cell proliferation potential was explored
in HaCaT keratinocytes exposed to a glypho-
sate-based  formulation (glyphoaete 41%;
centration, up to 0.1 mM) (Ceoroe & Shukla
). Théormulatlon increased the number of
viable cells, as assessed by the MTT assay (based

on reduction of the dye 3-(4,5-dimethylthia-
zol-2-yl)-2,5-diphenyltetrazolium bromide) at
concentrations up to 0.1 mM, while concentra-
tion- and incubation-time-dependent reductions
wereseen at higher concentrations (upto 1 mM).
Thdormulation (0.01 or 0.1 mM for 72 hours)
significantlyenhanced cell proliferation (meas -
ured by staining for either proliferating cell
nuclear antigen or 5-bromo-2-deoxyuridine);
at 0.1 mM, the increases exceeded levels for the
positive control, tetradecanoyl-phorbol-13-ac
etate. Theroportion of S-phase cells (assessed
using floncytometry) and theexpression of G1/S
cell-cycle regulatory proteins (cyclins D1and E,
CDK2, CDK4, and CDK®6) increased afterexpo -
sure to the formulatlon or the positive control.

41 reported that glyphosate and
AMPA inhibited cell growth in eight human
cancer cell lines, but not in two immortal-
ized normal prostate cell lines. An ovarian
(OVCAR-3) and a prostate (C4-2B) cell line
showed the greatest loss in viability, with glypho-
sateor AMPA at 15-50 mM. Further assays were
conducted on AMPA, but not glyphosate, in two
prostate cancer cell lines (C4-2B and PC-3), and
found cell-cycle arrest (decreased entry of cells
into S-phase) and increased apoptosis. [The
Working Group noted that the findingsfrom
these assays with AMPA are of unclear relevance
to the effects of glyphosate. ]

Glyphosate (106 to 1 uM) increased growth
by 15-30% relative to controls in hormone-de-
pendent T47D breast cancer cells, but only
when endogenous estrogen was minimized
in the culture medium (by substitution with
10% dextran-charcoal treated fetal bovine
serum). Glyphosate did not affect the growth
of hormone-independent MDA-MB231 breast
cancer cells cultured in either medium
(Thongprakaisang ef af., 2013).

Glyphosate (up to 30 uM) did not show cell
proliferation potential (5-bromo-2-deoxyuri -
dine) and did not activate caspase 3 0 TP53 in
human neuroprogenitor ReN CX cells .

2).

£
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Several studiesevaluatedtheimpact ofglypho-
sate or glyphosate-based formulations on apop-
totic cell death in the HepG2 human hepatoma
cell line. Glyphosate-based formulations induced
apoptosisin HepG2 cells, while glyphosate alone
was generally without effector showed effects
at conSIderably hlgher conoentratlons
s ef al | 2071 ; O
al., 1).Forexample, 23.5%
of the nuclei of HepG2 cells exposed to aglypho-
sate-based formulation showed condensed and
fragmented chromatin (P < 0.01), and caspases
3 and 7 weressignificantlyactivated, both effects
being indicative of apoptosis (Chaufan ef al,
2014). Caspases were unaffected by glyphosate
or AMPA alone. Glyphosate and AMPA did
not affectcell viability at concentrations up to
1000 mg/L, aconcentration that increased rather
than decreased cell viability after48 and 72
hours of incubation. In contrast, cells exposed to
glyphosate-based formulation at lower conoen-
trations were not viable. Similarly, :
-1 reported that a glyphosate-
lation (glyphosate, 48%) induced apoptotic cell
death in HepG2 cells. Apoptosis was indicated
by activation of caspases 3 and 7,and the signif-
icant fraction (17.7%)of nuclei with condensed
and fragmented chromatin (P < 0.001).

In studies with glyphosate and nine different
glyphosate-based formulations in three cell lines,
glyphosate alone did not increase the activity
of adenylate kinase (!Vesnace of al. 2013). The
activity of caspases 3 and 7 was significantly
increased by glyphosate in HepG2 and embry-
onickidney HEK293 cells, and elevated (although
not significantly)about 1.8 times above control
levels in placental choriocarcinoma JEG-3 cells.
Two formulations containing an ethoxylated
adjuvant induced adenylate kinase activity to a
greater extent than caspase activity. All formu-
lations were reported to be more cytotoxic than
glyphosate. [In concentration—response curves,
glyphosate showed an effecton mitochondrial
succinate dehydrogenase activity, a measure

Ly
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of cell viability, that was similar to that shown
by one formulation. Thecalculated 50% lethal
concentration in JEG3 cells for mitochondrial
succinate dehydrogenase activity was greater for
three formulations, although the values appeared
inconsistent with the concentration—response
cunes]

In HUVEC primary neonate umbilical cord
vein cells, and 293 embryomc kidney and JEG3
placental cell lines, e ;
found that glyphosate at relatlvely hlgh concen-
trations induced apoptosis, as indicated by
induction of caspases 3and 7,and DNA staining
and microscopy. At comparable or lower concen-
trations, four glyphosate-based formulations all
caused primarily necrotic cell death. Thambil -
ical cord HUVEC cells were the most sensitive
(by about 100-fold) to the apoptotic effectsof
glyphosate.
el al (2012) evaluated apoptosis in
immortalized human keratinocytes (HaCaT)
exposed to glyphosate (570 mM). Based on
annexin V, propidium iodide and mitochondrial
staining, exposures leading to 15% cytotoxicity
gave evidence of early apoptosis, while increases
in late apoptosis and necrosis were observed at
higher levels of cytotoxicity.

(b)  Non-human mammalian experimental
systems

() Invivo

In male Wistar rats, glyphosate (10 mg/kg
bw, injected intraperitoneally three times per
week for 5 weeks) reduced, but not significantly,
the inner mitochondrial membrane integrity of
the substantia nigra and cerebral cortex (.
| 20092). Caspase 3 activity was unalter
these tissues. Mitochondrial cardiolipin content
was significantly reduced, particularly in the
substantia nigra, where calpain activity was
substantially higher. Glyphosate induced DNA
fragmentation in the brain and liver.
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(i) Invitro

In adult Sprague Dawley rat testicular cells
exposed in vitro, glyphosate (up to 1%; for 24 or
48 hours)did not provokecell-membrane altera-
tions (Clair ef &/, ). However, caspase 3 and
7 activity increased with exposure in Sertoli cells
alone, and in Sertoli and germ cell mixtures. On
theother hand, aglyphosate-based formulation (a
0.1%solution, containing 0.36 g/L of glyphosate)
induced membrane alterations and decreased
theactivity of caspase 3and 7 in Leydig cells, and
in Sertoli and germ cell mixtures. In a separate
study, glyphosate increased apoptosis in primary
Sertoli cell cultures from mice (Zhao ef al, 2013).

Glyphosate (540 mM, for 12, 24, 48, or 72
hours) significantly increased cell death in a
time- and concentration-dependent manner
in differentiated rat pheochromocytoma PC12
(neuronal) cells Gui ef al (2072). Apoptotic
changes included cell shrinkage DNA fragmen-
tation, decreased Bcl2 expression, and increased
Bax expression. Both autophagy and apoptosis
were implicated, as pre-treatment with the
pan-caspase inhibitor Z-VAD or the autophagy
inhibitor 3-MA inhibited cell loss.

Induction of apoptosis by glyphosate or
glyphosate-based formulations was also studied
in other cell lines. Glyphosate (10 uM) induced
apoptosis in rat heart H9c2 cells, the effectbeing
enhanced when glyphosate was given in combi-
nation with the adjuvant TN-20 (5 uM), (im

/ 3). A glyphosate-based formulation
apoptosis in mouse 3T3-L1 fibroblasts,
and inhibited their transformation to adipocytes
(Martiniefal, 2002). A glyphosate-based formu-
lation (10 mM) did not increase rat hepatoma
HTC cell death, but did affect mitochondrial
membrane potential (! et al., 2008).

Glyphosate (up to 30 uM) did not activate
caspase 3 or show cell proliferation potential
(5-bromo-2 '-deoxyuridine) in a mouse neuro-
progenitor cell line, but did activate Tp53at the

highest concentration tested (Ct

).

? é»‘?‘ﬁ

4.2.5 Other mechanisms

No data on immortalization, epigeneticalter-
ations, altered DNA repair, or genomicinstability
afterexposure to glyphosate wereavailable to the
Working Group.

4.3 Data relevant to comparisons
across agents and end-points

No data on high-throughput screening or
other relevant data wereavailable to the Working
Group. Glyphosate was not tested by the Tox21
and ToxCast reeearch program mes of the govern—
ment of the USA (Kaviock ef al 2012;

).

44 Cancer susceptibility data

No studies that examined genetic, life-stage,
or other susceptibility factors with respect to
adverse health outcomesthat could be associated
with exposure to glyphosate were identifiedby
the Working Group.

4.5 Other adverse effects

4.5.1 Humans

In the USA in the past decade, poison-control
centres have reported more than 4000 exposures
to glyphosate-containing herbicides, of which
several hundred were evaluated in a health- care
facility, and fatalities were rare (Hum:
In a pesticide surveillance study carri out by
the National Poisons Information Service of the
United Kingdom, glyphosate was among the
most common pesticide exposure implicated in
severeor fatal poisoning cases between 2004 and
2013 (Ferry 214). Deliberate poisonings
with glyphosate resulting in toxicity and fatality

£ §
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have been reported in many countrlee including
Australia (S &

Glyphosate demonstrated no potentlal for
photo-irritation or photo-sensitization in 346
volunteers expmd dermaHy on normal or
abraded skin J27). On the other
hand, ! 713 reported severeburns
afterprolonged aocndental dermal exposure to a
glyphosate-based formulation.

(/; St

4.5.2 Experimental systems

Glyphosate was tested in nine regulatory
submissions included in the Toxicity Reference
Database (ToxRefDB)and reviewed by the EPA
(EPA. 2015). Specifically study design, treatment
group, and treatment-related effect information
were captured for four long-term studies and/or
carcinogenicity studies, oneshort-termstudy, two
multigenerationstudies of reproductivity,and two
studies of developmental toxicity. ThNTP also
tested glyphosate in a 13-week study in rats and
mioe ( ) . Wehler tM’W)

In a long-term comblned study of toxicity
and carcinogenicity in rats given glyphosate
at nominal doses of 100, 400, and 1000 mg/kg
bw per day, inflammationwas observed in the
stomach mucosa of females at the intermediate
and highest doses (: 1990, 19910). In males
at the highest dose, hver weight, cataracts and
lens degeneration in the eyes, and urine specific
gravity wereincreased, while body weight, body-
weight gain, and urinary pH were decreased.
Pancreatic acinar cell atrophy was observed in
males at the highest dose. Pancreatic inflamma-
tion was also observed in male rats at the highest
dose in ashort-termstudy (nominal doses of 50
250, and 1000 mg/kg bw per day) (54 /
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In the study by the NTP, cytoplasmic alteration
was observed in the parot:d and submandlbular
salivary glands of rats (Chan & ar, 1992).
In a study of carcrnogemcrty in mice given
glyphosate at doses of 150, 1500, or 4500 mg/kg
bw per day, liver hypertrophy and necrosis were
observed in malesat the highest dose (174, 1985).
Othereffectan malesat the highest doseincl uded
increased testes weight, interstitial nephritis, and
decreased body weight. In females at the highest
dose, ovary weights were increased, proximal
tubule epithelial basophilia and hypertrophy was
observed, and body weights were decreased. In
the study by the NTP, cytoplasmic alteration was
observed in the parotid salivary glands in mice

fé 0D

992).

Developmental and reproductive toxicity

in a study of developmental toxicity in
rats given glyphosate at a dose of 300, 1000, or
3500 mg/kg bw per day, reduced implantation
ratesand fewer live fetuses wereobserved in dams
at the highest dose ( 1980D). In fetuses at the
highest dose, unossifiedsternebrawere observed
and fetal weight was reduced.

5. Summary of Data Reported

5.1 Exposure data

Glyphosate is a broad-spectrum herbicide
that is effectiveat killing or suppressing all
plant types, including grasses, perennials, and
woody plants. Thaerbicidal activity of glypho -
sate was discovered in 1970 and since then its
use has increased to a point where it is now the
most heavily used herbicide in the world, with
an annual global production volume in 2012 of
more than 700000 tonnes used in more than
750differenfproducts. Changes in farming prac -
tice and the development of genetically modi-
fiedcrops that are resistant to glyphosate have
contributed to the increase in use.
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Theres little information available on occu -
pational or community exposure to glyphosate.
Glyphosate can be found in soil, air, surface
water and groundwater, as well as in food. It
has been detected in air during agricultural
herbicide-spraying operations. Glyphosate was
detected in urine in two studies of farmers in
the USA, in urban populationsin Europe,and in
a rural population living near areas sprayed for
drug eradication in Columbia. However, urinary
concentrations were mostly below the limit of
detection in several earlier studies of forestry
workers who sprayed glyphosate. Exposure of
the general population occurs mainly through
diet.

5.2 Human carcinogenicity data

In its evaluation of the epidemiological
studies reporting on cancer risks associated with
exposure to glyphosate, the Working Group
identifiedseven reports from the Agricultural
Health Study (AHS) cohort and several reports
from case—control studies. ThHS cohort, the
pooled analyses of the case—control studies in
the midwest USA, and the cross-Canada study
were considered key investigations because of
their relatively large size. Reports from two
or more independent studies were available
for non-Hodgkin lymphoma (NHL), multiple
myeloma, Hodgkin lymphoma, glioma, and
prostate. For the other cancer sites, results from
only one study were available for evaluation.

5.2.1 NHL and other haematopoietic cancers

Two large case—control studies of NHL from
Canada and the USA, and two case—control
studies from Sweden reported statistically signif-
icant increased risks of NHL in association with
exposure to glyphosate. For the study in Canada,
the association was seen among those with more
than 2 days/year of exposure, but no adjustment
for other pesticides was done. Thether three

studies reported excesses for NHL associated
with exposure to glyphosate, afteradjustment

for other pesticides (reported odds ratio were 2.1
(95% ClI, 1.1-4.0); 1.85 (95% ClI, 0.55-6.2); and
1.51 (95% ClI, 0.77-2.94). Subtype-specificanal -
yses in a Swedish case—control study indicated
positive associations for total NHL, as well as all
subtypes, but this association was statistically
significantonly for the subgroup of lymphocytic

lymphoma/chronic lymphocytic leukaemia (OR,
3.35; 95% CI, 1.42-7.89). An elevated risk (OR,
3.1;95% ClI, 0.6-17.1)was also found for B-cell
lymphoma in an European study based on few
cases. One hospital-based case—control study
from France did not findan association between

exposure to glyphosate and NHL (OR, 1.0; 95%
Cl, 0.5-2.2) based on few exposed cases.

A roughly twofold excess of multiple myeloma,
asubtype of NHL, was reported in three studies:
only among the highest category of glyphosate
use (> 2 days/year) in the large Canadian case—
control study, in a case—control study from lowa,
USA, and in a French case—control study (all not
statistically significant).Thes¢hree studies did
not adjust for the effectof other pesticides. In the
AHS, there was no association with NHL (OR,
1.1;0.7-1.9).For multiple myeloma, relative risk
was 1.1 (95% Cl, 0.5-2.4) when adjusted for age
only; butwas 2.6 (95%Cl, 0.7-9.4)when adjusted
for multipleconfounders. Noexcess in leukaemia
was observed in acase—control study in lowaand
Minnesota, USA, or in the AHS.

Insummary, case—control studies in the USA,
Canada, and Sweden reported increased risks
for NHL associated with exposure to glyphosate.
Thencreased risk persisted in the studies that
adjusted for exposure to other pesticides. The
AHS cohort did not show an excess of NHL. The
Working Group noted that there were excesses
reported for multiple myeloma in three studies;
however, they did not weight this evidence as
strongly as that of NHL because of the possibility
that chance could not be excluded; none of the
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risk estimates were statistically significant nor
were they adjusted for other pesticide exposures.

5.2.2 Other cancer sites

No association of glyphosate with cancer
of the brain in adults was found in the Upper
Midwest Health case—control study. No associa-
tionsinsinglecase—controlstudieswerefoundfor
cancers of the cesophagus and stomach, prostate,
and soft-tissuesarcoma. For all other cancer sites
(lung, oral cavity, colorectal, pancreas, kidney,
bladder, breast, prostate, melanoma) investigated
in the large AHS, noassociation with exposure to
glyphosate was found.

5.3 Animal carcinogenicity data

Glyphosate was tested for carcinogenicity in
male and female mice by dietary administration
in two studies, and in male and female rats by
dietary administration in fivestudies and in
drinking-water in onestudy. A glyphosate-based
formulation was also tested in drinking-water in
one study in male and female rats, and by skin
application in one initiation—promotion study in
male mice.

Theravas a positive trend in the incidence
of renal tubule carcinoma and of renal tubule
adenoma or carcinoma (combined) in males in
one feeding study in CD-1 mice. Renal tubule
carcinoma isa rare tumour in this strain of mice.
No significantincrease in tumour incidence was
seen in female mice in this study. In the second
feeding study, there was a significant positive
trend in the incidence of haemangiosarcoma
in male CD-1 mice. No significantincrease in
tumour incidence was seen in female mice in
this study.

For the five feeding studies in rats, two
studies in the Sprague-Dawley strain showed a
significantincrease in the incidence of pancre -
aticislet cell adenomain males —oneof these two
studies also showed a significantpositive trend
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in the incidences of hepatocellular adenoma in
males and of thyroid C-cell adenomain females.
Two studies (one in Sprague-Dawley rats, one
in Wistar rats) found no significantincrease in
tumour incidenceat anysite. Onestudy in Wistar
rats was inadequate for the evaluation because of
the short duration of exposure.

Inthestudyin Wistar ratsgivendrinking-water
containing glyphosate, there was no significant
increase in tumour incidence.

A glyphosate-based formulation was found
to be a skin-tumour promoter in the initiation—
promotion study in male Swiss mice. The study of
aglyphosate-based formulation in drinking-water
in Sprague-Dawley rats was inadequate for the
evaluation because of thesmall number ofanimals
per group, and the limited information provided
on tumour histopathology and incidence in indi-
vidualanimals. Thesstudiesofachemical mixture
containing glyphosate were considered inadequate
toevaluatethe carcinogenicityof glyphosatealone.

54. Other relevant data

Direct data on absorption of glyphosate in
humans werenotavailable to the WorkingGroup.
Glyphosate was detected in the urine of agricul-
tural workersin several studies, and in the blood
of poisoning cases, indicative of absorption.
Some evidence for absorption through human
skin (~2%) was reported in studies in vitro.
Thanminor role of dermal absorption was also
shown in a study in non-human primate model
in vivo. However, no study examined the rates
of absorption in humans. In rodents, several
studies showed up to 40% absorption afteroral
administration of asingle or repeated dose.

Glyphosate was measured in human blood.
No data on parenchymal tissue distribution
for glyphosate in humans were available to the
Working Group. In rats given glyphosate by oral
administration, concentrations in tissues had
the following rank order: kidneys > spleen > fat
> liver. Repeated administration had no effect
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on the distribution of glyphosate. In a study in
rats, the half-life of glyphosate in plasma was
estimated to be more than 1 day, indicating that
glyphosate is not rapidly eliminated.

In the environment, glyphosate is degraded
by soil microbes, primarily to aminomethyl-
phosphonic acid (AMPA) and carbon dioxide.
Glyphosate is not efficientlymetabolized in
humans or other mammals. In rats, small
amounts of AMPA were detected in the plasma
and in the colon, with the latter being attributed
to intestinal microbial metabolism. In humans,
small amounts of AMPA are detectable in blood
in cases of deliberate glyphosate poisoning.
Few studies examined the possible effects of
glyphosate-based formulations on metabolizing
enzymes, but no firmconclusionscould bedrawn
from these studies.

Studies in rodents showed that systemically
absorbed glyphosate is excreted unchanged
into the urine, and that the greatest amount is
excreted in thefaeces, indicating poorabsorption.
Glyphosate was detected in the urine of humans
who were exposed occupationally to glyphosate.
AMPA has also been detected in human urine.

Glyphosate is not electrophilic.

A large number of studies examined a wide
range of end-pointsrelevant to genotoxicity with
glyphosate alone, glyphosate-based formula-
tions, and AMPA.

Thereis strong evidence that glyphosate
causes genotoxicity. Thevidence base includes
studies that gavelargely positive results in human
cells in vitro, in mammalian model systems in
vivoand in vitro, and studies in other non-mam-
malian organisms. In-vivo studies in mammals
gave generally positive results in the liver, with
mixed results for the kidney and bone marrow.
Thend-points that have been evaluated in these
studies comprise biomarkers of DNA adducts
and various types of chromosomal damage.
Tests in bacterial assays gave consistently nega-
tive results.

Theevidence for genotoxicity caused by
glyphosate-based formulations is strong. There
were three studies of genotoxicity end-points
in community residents exposed to glypho-
sate-based formulations, two of which reported
positive associations. One of these studies
examined chromosomal damage (micronucleus
formation) in circulating blood cells before
and afteraerial spraying with glyphosate-based
formulations and found a significant increase
in micronucleus formation after exposure in
three out of four differentgeographical aress.
Additional evidence came from studies that gave
largely positive results in human cells in vitro, in
mammalian model systems in vivo and in vitro,
and studies in other non-mammalian organ-
isms. Thend-pointsthat wereevaluated in these
studies comprised biomarkers of DNA adducts
and various types of chromosomal damage.
Thepattern of tissue specificityof genotoxicity
end-points observed with glyphosate-based
formulations is similar to that observed with
glyphosate alone. Tests in bacterial assays gave
generally negative results.

For AMPA, the evidence for genotoxicity
is moderate. While the number of studies that
examined the effectsof AMPA was not large, all
of the studies gave positive results. Specifically,
genotoxicity was reported in astudy in humans
in vitro, a study in mammals in vivo, astudy in
mammals in vitro, and one study in eels in vivo.

Strongevidenceexists thatglyphosate, AMPA,
and glyphosate-based formulations can induce
oxidative stress. Evidence came from studies in
many rodent tissues in vivo, and human cells in
vitro. In some of these studies, the mechanism
was challenged by co-administration of antiox-
idants and observed amelioration of the effects.
Similar findingshave been reported in fishand
other aquatic species. Various end-points (e.g.
lipid peroxidation markers, oxidative DNA
adducts, dysregulation of antioxidant enzymes)
have been evaluated in numerous studies. This
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increased the confidenceof the Working Group
in the overall database.

Thereis weak evidence that glyphosate
or glyphosate-based formulations induce
receptor-mediated effects. In multiple experi -
ments, glyphosate-based formulations affected
aromataseactivity; glyphosate wasactive inafew
of these studies. Some activity in other nuclear
receptor-mediated pathways has been observed
for glyphosate or glyphosate-based formula-
tions. In one series of experiments, glyphosate
was not found to be a ligand to several receptors
and related proteins (aryl hydrocarbon receptor,
peroxisome proliferator-activated receptors,
pregnane X receptor).

Therés weak evidence that glyphosate may
affectcell proliferation or death. Several studies
in human and rodent cell lines have reported
cytotoxicity and cell death, the latter attributed to
the apoptosis pathway.Studies that examined the
effectsof glyphosate alone or a glyphosate-based
formulation found that glyphosate alone had no
effect, or a weaker effect than the formulation.

Therés weak evidence that glyphosate may
affectthe immune system, both the humoral and
cellular response, upon long-term treatment in
rodents. Several studies in fish,with glyphosate
or its formulations, also reported immunosup-
pressive effects.

With regard to the other key characteristics of
human carcinogens (! 214), the Working
Group considered that the data were too few for
an evaluation to be made.

Severe or fatal human poisoning cases have
been documented worldwide. In rodents, organ
and systemic toxicity from exposures to glypho-
sate are demonstrated by liver-weight effectsand
necrosis in animals at high doses. Additionally,
effectson the pancreas, testes, kidney and ovaries,
as well as reduced implantations and unossified
sternebra were seen at similar doses.

No data on cancer-related susoeptibility after
exposure to glyphosate were available to the
Working Group.
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Overall, the mechanistic data provide strong
evidence for genotoxicity and oxidative stress.
Therés evidence that these effectscan operate
in humans.

6. Evaluation

6.1 Cancer in humans

Theras limited evidence in humans for the
carcinogenicity of glyphosate. A positive asso-
ciation has been observed for non-Hodgkin
lymphoma.

6.2 Cancer in experimental animals

Theres sufficienévidence in experimental
animals for the carcinogenicity of glyphosate.

6.3 Overall evaluation

Glyphosate is probably carcinogenic to
humans (Group 2A).

6.4 Rationale

In making this overall evaluation, the
Working Group noted that the mechanistic and
other relevant data support the classificationof
glyphosate in Group 2A.

Inadditiontolimitedevidenceforthecarcino-
genicity of glyphosate in humans and sufficient
evidence for the carcinogenicity of glyphosate in
experimental animals, there is strong evidence
that glyphosate can operate through two key
characteristics of known human carcinogens,
and that these can be operative in humans.

Specifically:
+ Therds strong evidence that exposure to
glyphosate or glyphosate-based formulations

is genotoxic based on studies in humans in
vitro and studies in experimental animals.
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One study in several communities in indi-
viduals exposed to glyphosate-based formu-
lations also found chromosomal damage in
blood cells; in this study, markers of chro-
mosomal damage (micronucleus formation)
weresignificantlygreater afterexposure than
before exposure in the same individuals.

+ Thereis strong evidence that glypho -
sate, glyphosate-based formulations, and
aminomethylphosphonic acid can act to
induce oxidative stress based on studies in
experimental animals, and in studies in
humans in vitro. Thisnechanism has been
challenged experimentally by administering
antioxidants, which abrogated the effectsof
glyphosate on oxidative stress. Studies in
aquatic species provide additional evidence
for glyphosate-induced oxidative stress.
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To: Sterling, Sherry[Sterling.Sherry@epa.gov]}
From: Housenger, Jack

Sent: Wed 5/20/2015 1:37:38 PM

Subject: RE: HHS

Great

thanks

From: Sterling, Sherry

Sent: Wednesday, May 20, 2015 9:35 AM
To: Housenger, Jack

Subject: FW: HHS

Jack — per Jim’s request:

Patrick Breysse: 770.488.0604 and his email is pjb7@cdc.gov.

LT Jona Ogden (Special Assistant): 770-488-7374
Let me know if you need anything else.
Sherry

202-564-2701

From: Jones, Jim

Sent: Wednesday, May 20, 2015 8:36 AM
To: Sterling, Sherry

Subject: RE: HHS

Can you send his name and number to Jack? Jack will call him. Thx

From: Sterling, Sherry
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Sent: Wednesday, May 20, 2015 6:36 AM
To: Jones, Jim
Subject: RE: HHS

Jim — he is Dr. Patrick Breysse. | have a general phone number, but it seems that everything
there is closed until 8:00. | will keep trying....

From: Jones, Jim

Sent: Tuesday, May 19, 2015 5:50 PM
To: Sterling, Sherry

Subject: Fwd: HHS

Sherry. Can you get me the contact info for the head of NCEH at CDC. I believe that person is
responsible for atsdr. Thx

Sent from my iPhone

Begin forwarded message:
From: "Housenger, Jack" <Housenger.Jack@epa.gov>
Date: May 19, 2015 at 4:50:11 PM EDT

To: "Jones, Jim" <Jones.Jim@epa.gov>
Subject: RE: HHS

Yes

Jess checked with them

They are

It is on the agenda for the general

It has been difficult to get information

From: Jones, Jim

Sent: Tuesday, May 19, 2015 4:33 PM
To: Housenger, Jack

Subject: Fwd: HHS
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Monsanto thinks atsdr is doing a glyphosate
Assessment. Could you guys run that down?
Sent from my iPhone

Begin forwarded message:

From: "DYKES, MICHAEL D [AG/1920]" <michael.d dykes@monsanto.com>
Date: May 19, 2015 at 3:28:05 PM EDT

To: Jim Jones <jones jim@epa.gov>

Subject: HHS

Jim

We discussed briefly at the Ag Committee hearing the glyphosate review by the HHS
Agency that was reviewing glyphosate and you were not aware of their review. Did
you learn anything more about their efforts?

Thank you
Michael

Sent from my iPhone

This e-mail message may contain privileged and/or confidential information, and is
intended to be received only by persons entitled

to receive such information. If you have received this e-mail in error, please notify the
sender immediately. Please delete it and

all attachments from any servers, hard drives or any other media. Other use of this e-
mail by you is strictly prohibited.

All e-mails and attachments sent and received are subject to monitoring, reading and
archival by Monsanto, including its

subsidiaries. The recipient of this e-mail is solely responsible for checking for the
presence of "Viruses" or other "Malware".

Monsanto, along with its subsidiaries, accepts no liability for any damage caused by
any such code transmitted by or accompanying

this e-mail or any attachment.

The information contained in this email may be subject to the export control laws and
regulations of the United States, potentially

including but not limited to the Export Administration Regulations (EAR) and
sanctions regulations issued by the U.S. Department of

Treasury, Office of Foreign Asset Controls (OFAC). As a recipient of this information
you are obligated to comply with all

applicable U.S. export laws and regulations.
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To: Jones, Jim[Jones.Jim@epa.gov]
From: Housenger, Jack

Sent: Tue 5/19/2015 8:50:12 PM
Subject: RE: HHS

Yes

Jess checked with them

They are

It is on the agenda for the general

It has been difficult to get information

From: Jones, Jim

Sent: Tuesday, May 19, 2015 4:33 PM
To: Housenger, Jack

Subject: Fwd: HHS

Monsanto thinks atsdr is doing a glyphosate
Assessment. Could you guys run that down?
Sent from my iPhone

Begin forwarded message:

From: "DYKES, MICHAEL D [AG/1920]" <michael.d dykes@monsanto.com>
Date: May 19, 2015 at 3:28:05 PM EDT

To: Jim Jones <jones jim@epa.gov>

Subject: HHS

Jim
We discussed briefly at the Ag Committee hearing the glyphosate review by the HHS

Agency that was reviewing glyphosate and you were not aware of their review. Did you

learn anything more about their efforts?

Thank you
Michael

Sent from my iPhone

This e-mail message may contain privileged and/or confidential information, and is
intended to be received only by persons entitled

to receive such information. If you have received this e-mail in error, please notify the

EPAHQ_0005974



sender immediately. Please delete it and
all attachments from any servers, hard drives or any other media. Other use of this e-mail by
you is strictly prohibited.

All e-mails and attachments sent and received are subject to monitoring, reading and
archival by Monsanto, including its

subsidiaries. The recipient of this e-mail is solely responsible for checking for the presence
of "Viruses" or other "Malware".

Monsanto, along with its subsidiaries, accepts no liability for any damage caused by any
such code transmitted by or accompanying

this e-mail or any attachment.

The information contained in this email may be subject to the export control laws and
regulations of the United States, potentially

including but not limited to the Export Administration Regulations (EAR) and sanctions
regulations issued by the U.S. Department of

Treasury, Office of Foreign Asset Controls (OFAC). As a recipient of this information you
are obligated to comply with all

applicable U.S. export laws and regulations.
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To: Richard Aucoin[richard.aucoin@hc-sc.gc.ca}

From: Housenger, Jack
Sent: Fri 3/27/2015 1:50:09 PM
Subject: FW.

From: Housenger, Jack

Sent: Tuesday, March 24, 2015 12:01 PM
To: Jordan, William

Subject: FW:

From: JENKINS, DANIEL J [AG/1920] [mailto:daniel j.jenkins@monsanto.com]
Sent: Tuesday, March 24, 2015 10:24 AM

To: JENKINS, DANIEL J [AG/1920]; Goodis, Michael

Cec: Keigwin, Richard; Cyran, Carissa; Rowland, Jess; Anderson, Neil; Housenger, Jack
Subject: RE:

The German Regulators have responded. We hope that EPA would consider the
following in their approach to responses:

Does Glyphosate cause cancer?

(English translation of text at http://www.bfr bund.de/cm/343/loest-glyphosat-krebs-aus.pdf)

Communication 007/2015 BfR March 23, 2015

Glyphosate, the ingredient in plant protection products, was deemed non-carcinogenic
after review by national, European and other international institutions including the Joint
Meeting on Pesticide Residues of the World Health Organisation and UN Food and
Agriculture Organisation, of all the studies at their disposal.

At a meeting of the International Agency for Research on Cancer (IARC) of the World Health
Organization in Lyon in March 2015, experts gathered to discuss glyphosate and, based on the
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studies they looked at, came to a different classification, namely as a Group 2A carcinogen, or
“probably” carcinogenic for humans. This Classification was published in a short report in the
journal "Lancet" on March 20, 2015.

The (German) Federal Institute for Risk Assessment (BfR) was appointed EU rapporteur for
glyphosate as part of the EU re-evaluation and is commenting on this IARC Classification on the
basis of the summary that was published.

Seventeen experts from 11 countries met at the IARC in March 2015 to weigh the
carcinogenicity or potential carcinogenicity of four organophosphates and glyphosate, none of
which has been classified by the competent European authorities as carcinogenic or mutagenic.

On the basis of the information at the BfR’s disposal, the classification of glyphosate in the
Lancet on March 20 as belonging to Group 2A (probably carcinogenic to humans)

1s scientifically hard to follow and apparently based on very few studies. The IARC decision
cannot be judged definitively, however, since the final TARC Monograph, in which its decision
will be backed up with more information, is not yet published.

The recently published TARC classification is based partially on indications of carcinogenic
effect in human studies, i.¢. a statistical relationship between exposure to glyphosate and an
increased risk of non-Hodgkin lymphomas. This risk is derived from three epidemiological
studies from the USA, Canada and Sweden. However, this conclusion was not shared a very
large scale “Agricultural Health Study”, also cited, or by other studies. In the current report
of the BfR to the EU, on the other hand, over 30 epidemiological studies were evaluated.
In the comprehensive opinion, there was no proven relationship between exposure to
glyphosate and an increased risk of non-Hodgkin’s lymphoma or other types of cancer.

Furthermore, IARC advances findings from animal testing as proof of a carcinogenic effect
of glyphosate. All of these findings were also considered in the glyphosate appraisals of the
BfR, the EU institutions and the Joint Meeting on Pesticide Residues of the WHO and
FAOQ, which is responsible for the appraisal of pesticide ingredients. These organizations
came to the overall conclusion that glyphosate is not carcinogenic. The BfR does not know
how many of the 11 long-term studies on rats and mice considered valid by the

BfR were available to the TARC.

The theory advanced in one study that skin tumors could be caused by a highly concentrated,
irritant formulation with the ingredient were also not regarded by the EU institutions as proof for
the carcinogenic qualities of glyphosate.

Indications for a gene toxic potential of glyphosate cannot be concluded from IARC’s published
summary, since the review also included formulations that were not further described.

The fact that different bodies reach different conclusions from different information and

interpretations of experimental data is a daily reality in risk assessment. The BfR will examine
TARC’sclassification in detail once the Monograph is published.
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Dan Jenkins
U.S. Agency Lead

Regulatory Affairs
Monsanto Company
1300 1 St., NW

Suite 450 East
Washington, DC 20005

Office: 202-383-2851

Cell: 571-732-6575

From: JENKINS, DANIEL J [AG/1920]

Sent: Monday, March 23, 2015 10:10 AM

To: 'goodis.michael@epa.goV'

Cc: 'Keigwin, Richard'"; 'Cyran, Carissa'; 'rowland.jess@epa.goV'; 'anderson.neil@epa.gov'
Subject:

Mike:

Per our phone conversation. We hope EPA will correct mistakes or absences of fact
with respect to its record on glyphosate (including the 2013 statement and the AHS
study) as it relates to carcinogenicity.

2009 EPA Glyphosate Reg Review

Carcinogenicity was not identified as a concern in the work plan
hitp:/lwww.epa.govioppsrrdi/registration review/glyphosate/

2013 Federal Register Notice (FR 25396 Vol. 78, No. 84, Wednesday, May 1, 2013) Final
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Rule new tolerances in or on multiple commodities: “EPA has concluded that glyphosate does
not pose a cancer risk to humans.”

httn:/f'www.epo.gov/idsvs/pke/FR-2013-05-01/pdf/2013-10316.0df

“For the herbicide glyphosate, there was /imited evidence of carcinogenicity in humans for non-
Hodgkin lymphoma. The evidence in humans is from studies of exposures, mostly agricultural,
in the USA, Canada, and Sweden published since 2001. In addition, there is convincing evidence
that glyphosate also can cause cancer in laboratory animals. On the basis of tumours in mice, the
United States Environmental Protection Agency (US EPA) originally classified glyphosate as
possibly carcinogenic to humans (Group C) in 1985. After a re-evaluation of that mouse study,
the US EPA changed its classification to evidence of non-carcinogenicity in humans (Group E)
in 1991. The US EPA Scientific Advisory Panel noted that the re-evaluated glyphosate results
were still significant using two statistical tests recommended in the IARC Preamble. The IARC
Working Group that conducted the evaluation considered the significant findings from the US
EPA report and several more recent positive results in concluding that there is sufficient evidence
of carcinogenicity in experimental animals. Glyphosate also caused DNA and chromosomal
damage in human cells, although it gave negative results in tests using bacteria. One study in
community residents reported increases in blood markers of chromosomal damage (micronuclei)
after glyphosate formulations were sprayed nearby.”

htto://www.thelancet.com/journals/lanonc/article/Pl1S1470-2045(15)70134-8/abstract

hito://www _iarc.fr/en/media-centre/iarcnews/pdf/MonographVolume112 . pdf

Thanks,

Dan Jenkins
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U.S. Agency Lead

Regulatory Affairs
Monsanto Company
13001 St., NW

Suite 450 East
Washington, DC 20005

Office: 202-383-2851

Cell: 571-732-6575

This e-mail message may contain privileged and/or confidential information,
and 1s intended to be received only by persons entitledto receive such
information. If you have received this e-mail in error, please notify the
sender immediately. Please delete it andall attachments from any servers, hard
drives or any other media. Other use of this e-mail by vyou 1s strictly
prohibited. All e-mails and attachments sent and received are subject to
monitoring, reading and archival by Monsanto, including itssubsidiaries. The
recipient of this e-mail is solely responsible for checking for the presence
of "Viruses" or other "Malware".Monsanto, along with its subsidiaries, accepts
no liability for any damage caused by any such code transmitted by or
accompanyingthis e-mail or any attachment. The information contained in this
emall may be subject to the export control laws and regulations of the United
States, potentiallyincluding but not limited to the Export Administration
Regulations (EAR) and sanctions regulations issued by the U.S. Department
ofTreasury, Office of Foreign Asset Controls (OFAC). As a recipient of this
information you are obligated to comply with allapplicable U.S. export laws
and regulations.
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To: Jordan, William[Jordan.William@epa.gov}

From: Housenger, Jack
Sent: Tue 3/24/2015 4:01:15 PM
Subject: FW.

From: JENKINS, DANIEL J [AG/1920] [mailto:daniel j.jenkins@monsanto.com]
Sent: Tuesday, March 24, 2015 10:24 AM

To: JENKINS, DANIEL J [AG/1920]; Goodis, Michael

Cec: Keigwin, Richard; Cyran, Carissa; Rowland, Jess; Anderson, Neil; Housenger, Jack
Subject: RE:

The German Regulators have responded. We hope that EPA would consider the
following in their approach to responses:

Does Glyphosate cause cancer?

(English translation of text at http://www.bfr bund.de/cm/343/loest-glyphosat-krebs-aus.pdf)

Communication 007/2015 BfR March 23, 2015

Glyphosate, the ingredient in plant protection products, was deemed non-carcinogenic
after review by national, European and other international institutions including the Joint
Meeting on Pesticide Residues of the World Health Organisation and UN Food and
Agriculture Organisation, of all the studies at their disposal.

At a meeting of the International Agency for Research on Cancer (IARC) of the World Health
Organization in Lyon in March 2015, experts gathered to discuss glyphosate and, based on the
studies they looked at, came to a different classification, namely as a Group 2A carcinogen, or
“probably” carcinogenic for humans. This Classification was published in a short report in the
journal "Lancet" on March 20, 2015.

The (German) Federal Institute for Risk Assessment (BfR) was appointed EU rapporteur for
glyphosate as part of the EU re-evaluation and is commenting on this IARC Classification on the
basis of the summary that was published.

Seventeen experts from 11 countries met at the IARC in March 2015 to weigh the

carcinogenicity or potential carcinogenicity of four organophosphates and glyphosate, none of
which has been classified by the competent European authorities as carcinogenic or mutagenic.

EPAHQ_0005981



On the basis of the information at the BfR’s disposal, the classification of glyphosate in the
Lancet on March 20 as belonging to Group 2A (probably carcinogenic to humans)

is scientifically hard to follow and apparently based on very few studies. The IARC decision
cannot be judged definitively, however, since the final TARC Monograph, in which its decision
will be backed up with more information, is not yet published.

The recently published TARC classification is based partially on indications of carcinogenic
effect in human studies, i.¢. a statistical relationship between exposure to glyphosate and an
increased risk of non-Hodgkin lymphomas. This risk is derived from three epidemiological
studies from the USA, Canada and Sweden. However, this conclusion was not shared a very
large scale “Agricultural Health Study”, also cited, or by other studies. In the current report
of the BfR to the EU, on the other hand, over 30 epidemiological studies were evaluated.
In the comprehensive opinion, there was no proven relationship between exposure to
glyphosate and an increased risk of non-Hodgkin’s lymphoma or other types of cancer.

Furthermore, IARC advances findings from animal testing as proof of a carcinogenic effect
of glyphosate. All of these findings were also considered in the glyphosate appraisals of the
BfR, the EU institutions and the Joint Meeting on Pesticide Residues of the WHO and
FAOQ, which is responsible for the appraisal of pesticide ingredients. These organizations
came to the overall conclusion that glyphosate is not carcinogenic. The BfR does not know
how many of the 11 long-term studies on rats and mice considered valid by the

BfR were available to the TARC.

The theory advanced in one study that skin tumors could be caused by a highly concentrated,
irritant formulation with the ingredient were also not regarded by the EU institutions as proof for
the carcinogenic qualities of glyphosate.

Indications for a gene toxic potential of glyphosate cannot be concluded from IARC’s published
summary, since the review also included formulations that were not further described.

The fact that different bodies reach different conclusions from different information and
interpretations of experimental data is a daily reality in risk assessment. The BfR will examine
TARC’sclassification in detail once the Monograph is published.

Dan Jenkins
U.S. Agency Lead

Regulatory Affairs
Monsanto Company
1300 1 St., NW
Suite 450 East
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Washington, DC 20005
Office: 202-383-2851

Cell: 571-732-6575

From: JENKINS, DANIEL J [AG/1920]

Sent: Monday, March 23, 2015 10:10 AM

To: 'goodis.michael@epa.goV'

Cc: 'Keigwin, Richard'"; 'Cyran, Carissa'; 'rowland.jess@epa.goV'; 'anderson.neil@epa.gov'
Subject:

Mike:

Per our phone conversation. We hope EPA will correct mistakes or absences of fact
with respect to its record on glyphosate (including the 2013 statement and the AHS
study) as it relates to carcinogenicity.

2009 EPA Glyphosate Reg Review

Carcinogenicity was not identified as a concern in the work plan
hitp:/lwww.epa.govioppsrrdi/registration review/glyphosate/

2013 Federal Register Notice (FR 25396 Vol. 78, No. 84, Wednesday, May 1, 2013) Final
Rule new tolerances in or on multiple commodities: “EPA has concluded that glyphosate does
not pose a cancer risk to humans.”

httn:/f'www.epo.gov/idsvs/pke/FR-2013-05-01/pdf/2013-10316.0df
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“For the herbicide glyphosate, there was /imited evidence of carcinogenicity in humans for non-

Hodgkin lymphoma. The evidence in humans is from studies of exposures, mostly agricultural,
in the USA, Canada, and Sweden published since 2001. In addition, there is convincing evidence
that glyphosate also can cause cancer in laboratory animals. On the basis of tumours in mice, the
United States Environmental Protection Agency (US EPA) originally classified glyphosate as
possibly carcinogenic to humans (Group C) in 1985. After a re-evaluation of that mouse study,
the US EPA changed its classification to evidence of non-carcinogenicity in humans (Group E)
in 1991. The US EPA Scientific Advisory Panel noted that the re-evaluated glyphosate results
were still significant using two statistical tests recommended in the IARC Preamble. The IARC
Working Group that conducted the evaluation considered the significant findings from the US
EPA report and several more recent positive results in concluding that there is sufficient evidence
of carcinogenicity in experimental animals. Glyphosate also caused DNA and chromosomal
damage in human cells, although it gave negative results in tests using bacteria. One study in
community residents reported increases in blood markers of chromosomal damage (micronuclei)
after glyphosate formulations were sprayed nearby.”

htto://www.thelancet.com/journals/lanonc/article/Pl1S1470-2045(15)70134-8/abstract

hito://www _iarc.fr/en/media-centre/iarcnews/pdf/MonographVolume112 . pdf

Thanks,

Dan Jenkins
U.S. Agency Lead

Regulatory Affairs
Monsanto Company
1300 1 St., NW

Suite 450 East
Washington, DC 20005
Office: 202-383-2851

Cell: 571-732-6575
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This e-mail message may contain privileged and/or confidential information,
and 1is intended to be received only by persons entitledto receive such
information. If you have received this e-mail in error, please notify the
sender immediately. Please delete it andall attachments from any servers, hard
drives or any other media. Other use of this e-mail by vyou 1s strictly
prohibited. All e-mails and attachments sent and received are sublject to
monitoring, reading and archival by Monsanto, including itssubsidiaries. The
recipient of this e-mail is solely responsible for checking for the presence
of "Viruses" or other "Malware".Monsanto, along with its subsidiaries, accepts
no liability for any damage caused by any such code transmitted by or
accompanyingthis e-mail or any attachment. The information contained in this
emall may be subject to the export control laws and regulations of the United
States, potentiallyincluding but not limited to the Export Administration
Regulations (EAR) and sanctions regulations 1ssued by the U.S. Department
ofTreasury, Office of Foreign Asset Controls (OFAC). As a recipient of this
information you are obligated to comply with allapplicable U.S. export laws
and regulations.
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To: Jones, Jim[Jones.Jim@epa.gov]

From: Housenger, Jack

Sent: Tue 3/24/2015 3:57:36 PM
Subject: FW.

fyi

From: JENKINS, DANIEL J [AG/1920] [mailto:daniel j.jenkins@monsanto.com]
Sent: Tuesday, March 24, 2015 10:24 AM

To: JENKINS, DANIEL J [AG/1920]; Goodis, Michael

Cec: Keigwin, Richard; Cyran, Carissa; Rowland, Jess; Anderson, Neil; Housenger, Jack
Subject: RE:

The German Regulators have responded. We hope that EPA would consider the
following in their approach to responses:

Does Glyphosate cause cancer?

(English translation of text at http://www.bfr bund.de/cm/343/loest-glyphosat-krebs-aus.pdf)

Communication 007/2015 BfR March 23, 2015

Glyphosate, the ingredient in plant protection products, was deemed non-carcinogenic
after review by national, European and other international institutions including the Joint
Meeting on Pesticide Residues of the World Health Organisation and UN Food and
Agriculture Organisation, of all the studies at their disposal.

At a meeting of the International Agency for Research on Cancer (IARC) of the World Health
Organization in Lyon in March 2015, experts gathered to discuss glyphosate and, based on the
studies they looked at, came to a different classification, namely as a Group 2A carcinogen, or
“probably” carcinogenic for humans. This Classification was published in a short report in the
journal "Lancet" on March 20, 2015.

The (German) Federal Institute for Risk Assessment (BfR) was appointed EU rapporteur for
glyphosate as part of the EU re-evaluation and is commenting on this IARC Classification on the
basis of the summary that was published.

Seventeen experts from 11 countries met at the IARC in March 2015 to weigh the

carcinogenicity or potential carcinogenicity of four organophosphates and glyphosate, none of
which has been classified by the competent European authorities as carcinogenic or mutagenic.
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On the basis of the information at the BfR’s disposal, the classification of glyphosate in the
Lancet on March 20 as belonging to Group 2A (probably carcinogenic to humans)

is scientifically hard to follow and apparently based on very few studies. The IARC decision
cannot be judged definitively, however, since the final TARC Monograph, in which its decision
will be backed up with more information, is not yet published.

The recently published TARC classification is based partially on indications of carcinogenic
effect in human studies, i.¢. a statistical relationship between exposure to glyphosate and an
increased risk of non-Hodgkin lymphomas. This risk is derived from three epidemiological
studies from the USA, Canada and Sweden. However, this conclusion was not shared a very
large scale “Agricultural Health Study”, also cited, or by other studies. In the current report
of the BfR to the EU, on the other hand, over 30 epidemiological studies were evaluated.
In the comprehensive opinion, there was no proven relationship between exposure to
glyphosate and an increased risk of non-Hodgkin’s lymphoma or other types of cancer.

Furthermore, IARC advances findings from animal testing as proof of a carcinogenic effect
of glyphosate. All of these findings were also considered in the glyphosate appraisals of the
BfR, the EU institutions and the Joint Meeting on Pesticide Residues of the WHO and
FAOQ, which is responsible for the appraisal of pesticide ingredients. These organizations
came to the overall conclusion that glyphosate is not carcinogenic. The BfR does not know
how many of the 11 long-term studies on rats and mice considered valid by the

BfR were available to the TARC.

The theory advanced in one study that skin tumors could be caused by a highly concentrated,
irritant formulation with the ingredient were also not regarded by the EU institutions as proof for
the carcinogenic qualities of glyphosate.

Indications for a gene toxic potential of glyphosate cannot be concluded from IARC’s published
summary, since the review also included formulations that were not further described.

The fact that different bodies reach different conclusions from different information and
interpretations of experimental data is a daily reality in risk assessment. The BfR will examine
TARC’sclassification in detail once the Monograph is published.

Dan Jenkins
U.S. Agency Lead

Regulatory Affairs
Monsanto Company
1300 1 St., NW
Suite 450 East
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Washington, DC 20005
Office: 202-383-2851

Cell: 571-732-6575

From: JENKINS, DANIEL J [AG/1920]

Sent: Monday, March 23, 2015 10:10 AM

To: 'goodis.michael@epa.goV'

Cc: 'Keigwin, Richard'"; 'Cyran, Carissa'; 'rowland.jess@epa.goV'; 'anderson.neil@epa.gov'
Subject:

Mike:

Per our phone conversation. We hope EPA will correct mistakes or absences of fact
with respect to its record on glyphosate (including the 2013 statement and the AHS
study) as it relates to carcinogenicity.

2009 EPA Glyphosate Reg Review

Carcinogenicity was not identified as a concern in the work plan
hitp:/lwww.epa.govioppsrrdi/registration review/glyphosate/

2013 Federal Register Notice (FR 25396 Vol. 78, No. 84, Wednesday, May 1, 2013) Final
Rule new tolerances in or on multiple commodities: “EPA has concluded that glyphosate does
not pose a cancer risk to humans.”

httn:/f'www.epo.gov/idsvs/pke/FR-2013-05-01/pdf/2013-10316.0df
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“For the herbicide glyphosate, there was /imited evidence of carcinogenicity in humans for non-

Hodgkin lymphoma. The evidence in humans is from studies of exposures, mostly agricultural,
in the USA, Canada, and Sweden published since 2001. In addition, there is convincing evidence
that glyphosate also can cause cancer in laboratory animals. On the basis of tumours in mice, the
United States Environmental Protection Agency (US EPA) originally classified glyphosate as
possibly carcinogenic to humans (Group C) in 1985. After a re-evaluation of that mouse study,
the US EPA changed its classification to evidence of non-carcinogenicity in humans (Group E)
in 1991. The US EPA Scientific Advisory Panel noted that the re-evaluated glyphosate results
were still significant using two statistical tests recommended in the IARC Preamble. The IARC
Working Group that conducted the evaluation considered the significant findings from the US
EPA report and several more recent positive results in concluding that there is sufficient evidence
of carcinogenicity in experimental animals. Glyphosate also caused DNA and chromosomal
damage in human cells, although it gave negative results in tests using bacteria. One study in
community residents reported increases in blood markers of chromosomal damage (micronuclei)
after glyphosate formulations were sprayed nearby.”

htto://www.thelancet.com/journals/lanonc/article/Pl1S1470-2045(15)70134-8/abstract

hito://www _iarc.fr/en/media-centre/iarcnews/pdf/MonographVolume112 . pdf

Thanks,

Dan Jenkins
U.S. Agency Lead

Regulatory Affairs
Monsanto Company
1300 1 St., NW

Suite 450 East
Washington, DC 20005
Office: 202-383-2851

Cell: 571-732-6575
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This e-mail message may contain privileged and/or confidential information,
and 1is intended to be received only by persons entitledto receive such
information. If you have received this e-mail in error, please notify the
sender immediately. Please delete it andall attachments from any servers, hard
drives or any other media. Other use of this e-mail by vyou 1s strictly
prohibited. All e-mails and attachments sent and received are sublject to
monitoring, reading and archival by Monsanto, including itssubsidiaries. The
recipient of this e-mail is solely responsible for checking for the presence
of "Viruses" or other "Malware".Monsanto, along with its subsidiaries, accepts
no liability for any damage caused by any such code transmitted by or
accompanyingthis e-mail or any attachment. The information contained in this
emall may be subject to the export control laws and regulations of the United
States, potentiallyincluding but not limited to the Export Administration
Regulations (EAR) and sanctions regulations 1ssued by the U.S. Department
ofTreasury, Office of Foreign Asset Controls (OFAC). As a recipient of this
information you are obligated to comply with allapplicable U.S. export laws
and regulations.
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To: Milbourn, Cathy[Milbourn.Cathy@epa.gov}; Ingram, Earl[ingram.Eari@epa.gov]
From: PJ.Huffstutter@thomsonreuters.com

Sent: Mon 5/2/2016 9:00:21 PM

Subject: RE: Reuters News seeks comment on why EPA withdrew documents

Thanks — and one other thing:

Monsanto issued a statement saying that “U .S. Environmental Protection Agency (EPA)
has published its official classification of glyphosate as “Not Likely to be Carcinogenic
to Humans.” (Their bold and underline — not mine.)

Is this report the official classification by the EPA?

Best,

PJ

From: Milbourn, Cathy [maiito:Milbourn.Cathy@epa.gov}

Sent: Monday, May 02, 2016 3:32 PM

To: Huffstutter, PJ (Reuters News); Ingram, Earl

Subject: RE: Reuters News seeks comment on why EPA withdrew documents

PJ —-will be in touch soon.

Catherine C. Milbourn

U.s. EPA HQ

Office of the Administrator
Office of Media Relations

202-564-7849 (office)
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202-420-8648 (mobile)

Milbourn.cathy@epa.gov

From: PJ Huffstutter@thomsonreuters.com [mailto:PJ. Huffstutter@thomsonreuters.com]
Sent: Monday, May 02, 2016 4:28 PM

To: Ingram, Earl <Ingram.Earl@epa.gov>

Cec: Milbourn, Cathy <Milbourn.Cathy(@epa.gov>

Subject: Reuters News seeks comment on why EPA withdrew documents

Hi Cathy and Earl,

I’'m trying to get a comment from EPA as to why the agency, per Mr. Ingram’s direction,
withdrew the 14 documents the agency had uploaded on Friday to the Glyphosate Registration
Review’s open docket folder.

So, three questions:

. Why were the documents uploaded on Friday?

. Why were they taken down on Monday afternoon?

/' When is the agency expecting to complete its assessment of glyphosate?

I’'m working on a tight deadline, so I appreciate any response the agency might have on this.

Thank you for your consideration and all best,
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PJ Huffstutter

P.J. Huffstutter

Journalist | Thomson Reuters
Agriculture and Ag-Economy
311 S. Wacker Drive

#1200

Chicago, IL 60606

+1 312-408-8737 (work)

+1 312-730-2200 (cell)

Follow me on Twitter: @pjhuffstutter1<htip://twitter.com/pjhuffstutter1>
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To: Ingram, Earl[ingram.Eari@epa.gov]}

From: Nguyen, Khue

Sent: Mon 5/2/2016 7:41:37 PM

Subject: FW: EPA's Cancer Assessment Review Committee on Glyphosate BLOOMBERG NEWS

The press inquiry came in from Bloomberg news.

Khue Nguyen

Chemical Review Manager

Risk Management and Implementation Branch 1
Pesticide Re-evaluation Division

Office of Pesticide Programs, EPA
703-347-0248

Nauven khue@epa.gov

From: Han, Kaythi

Sent: Monday, May 02, 2016 2:50 PM

To: Nguyen, Khue <Nguyen.Khue@epa.gov>; Britton, Wade <Britton.\WWade@epa.gov>
Cc: Overbey, Dian <Overbey.Dian@epa.gov>; Keltz, Colleen <Keltz.Colleen@epa.gov>
Subject: RE: EPA's Cancer Assessment Review Committee on Glyphosate BLOOMBERG
NEWS

Ex. 5 - Deliberative Process

From: Nguyen, Khue

Sent: Monday, May 02, 2016 2:43 PM

To: Han, Kaythi <Han.Kaythi@epa.gov>; Britton, Wade <Britton. Wade@epa.gov>

Cc: Overbey, Dian <Qverbey.Dian@epa.gov>; Keltz, Colleen <Keltz. Colleen@epa.gov>
Subject: RE: EPA's Cancer Assessment Review Committee on Glyphosate BLOOMBERG
NEWS
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Guys,

Ex. 5 - Deliberative Process

Thanks,

Khue Nguyen

Chemical Review Manager

Risk Management and Implementation Branch 1
Pesticide Re-evaluation Division

Office of Pesticide Programs, EPA
703-347-0248

Nauven khue@epa.gov

From: Han, Kaythi

Sent: Monday, May 02, 2016 2:31 PM

To: Britton, Wade <Brition.Wade@epa.gov>

Cc: Overbey, Dian <Qverbey. Dian@epa.gov>; Keltz, Colleen <Keliz. Colleen@epa.gov>;
Nguyen, Khue <Nguyen. Khue@epa.gov>

Subject: FW: EPA's Cancer Assessment Review Committee on Glyphosate BLOOMBERG
NEWS

Importance: High

Hi Wade,

Ex. 5 - Deliberative Process
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Ex. 5 - Deliberative Process

Thanks,
Kaythi

From: Milbourn, Cathy

Sent: Monday, May 02, 2016 2:13 PM

To: Han, Kaythi <Han Kaythi@epa.gov>

Cc: Strauss, Linda <Sirauss.Linda@epa.gov>; Sisco, Debby <Sisco.Debby@epa.gov>; Dinkins,
Darlene <Dinkins.Darlene@epa.gov>; Overstreet, Anne <gverstrest anne@epa.gov>; Keltz,
Colleen <Keliz.Colleen@epa.gov>; Milbourn, Cathy <Milbourn.Cathy@epa.qov>

Subject: RE: EPA's Cancer Assessment Review Committee on Glyphosate BLOOMBERG
NEWS

Thanks Kathi | have several reporters telling me that additional documents
were posted regs.gov on Friday. I'm told one was the cancer risk
assessment, the CARC (this is EPA’s committee?) in response to IARC.
Also, the CARC report is dated Oct. 1, but it was just posted on Friday.
Why the delay? Also, are there other documents to be posted in regs.gov

on glyphosate? Here is the document | was referring to:
https://www.regulations.gov/#ldocumentDetail. D=EPA-HQ-OPP-2009-0361-0057
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Ex. 5 - Deliberative Process

So the Bloomberg reporter is asking about this (CARC) and not IARC. Could you please
send me the recent report of the CARC review about glyphosate?

What you sent is the report, as far as | can tell:

httos:/iwww . regulations.gov/itidocumentDetall: D=EPA-HQ-OPP-2009-0361-0057

Also, why is glyphosate not listed in the Registration Review Schedules | Reevaluation:
Review of Registered Pesticides | US EPA ?

Ex. 5 - Deliberative Process

Catherine C. Milbourn

U.s. EPA HQ

Office of the Administrator
Office of Media Relations
202-564-7849 (office}
202-420-8648 (mobile}

Milbourn.cathy@epa.gov
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From: Han, Kaythi

Sent: Monday, May 02, 2016 1:39 PM

To: Milbourn, Cathy <Milbourn.Cathy@epa.qgov>

Cc: Strauss, Linda <Sirauss.Linda@epa.gov>; Sisco, Debby <Sisco.Debby@epa.gov>; Dinkins,
Darlene <Dinkins.Darlene@epa.gov>; Overstreet, Anne <gverstrest. anne@epa.gov>; Keltz,
Colleen <Keliz.Colleen@epa.gov>

Subject: RE: EPA's Cancer Assessment Review Committee on Glyphosate BLOOMBERG
NEWS

Hi Cathy,

The reporter can find the PDF of the IARC report at:
htto://monographs.iarc. fi/fENG/Monographs/vol112/

Kaythi

From: Strauss, Linda

Sent: Monday, May 02, 2016 1:33 PM

To: Sisco, Debby <Sisco.Debby@epa.gov>; Dinkins, Darlene <Dinkins. Darlene@epa.gov>;
Overstreet, Anne <gverstreet annefepa.gov>; Keltz, Colleen <Kgltz. Colleen@epa.gov>; Han,
Kaythi <Han Kaythidepa.gov>

Subject: RE: EPA's Cancer Assessment Review Committee on Glyphosate BLOOMBERG
NEWS

Can you all let Cathy know? Thanks.

From: Milbourn, Cathy

Sent: Monday, May 02, 2016 1:28 PM

To: Strauss, Linda <Strauss.Linda@epa.gov>

Cc: Milbourn, Cathy <Milbourn.Cathy@epa.gov>

Subject: FW: EPA's Cancer Assessment Review Committee on Glyphosate BLOOMBERG
NEWS
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Hi Linda, I'm presuming that the IARC review is in the docket?

Good afternoon,

| am a legal reporter at Bloomberg who has a story out about a lawsuit filed against
Quaker Oats containing trace levels of glyphosate. Could you please send me the
recent report of the CARC review about glyphosate?

Thanks,

Rebecca
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To: Jones, Jim[Jones.Jim@epa.gov]
From: Carleton, Ron

Sent: Wed 3/18/2015 1:55:35 PM
Subject: FW: Time to talk

Jim, FYI below. I'm sure you're aware of it, but wanted to pass it on.

Ron

From: DYKES, MICHAEL D [AG/1920} [mailto:michael.d.dykes@monsanto.comj
Sent: Monday, March 16, 2015 7:19 PM

To: Carleton, Ron

Subject: RE: Time to talk

Ron

Thank you for taking my call this morning. The group | mentioned to you this morning was WHO-
International Agency for Research on Cancer. They recently reviewed glyphosate and some other
chemical pesticides which will be publicly released following an embargo. | wanted to alert you to this in
case you received questions on this. | have also attached two US EPA documents regarding EPA's
conclusion that glyphosate does not pose a cancer risk to humans.

2009 EPA Glyphosate Reg Review
Carcinogenicity was not identified as a concern in the work plan
http://www.epa.gov/oppsrrd1/registration_review/glyphosate/

2013 Federal Register Notice (FR 25396 Vol. 78, No. 84, Wednesday, May 1, 2013) Final Rule new
tolerances in or on multiple commodities: "EPA has concluded that glyphosate does not pose a cancer
risk to humans." http://www.gpo.gov/fdsys/pkg/FR-2013-05-01/pdf/2013-10316.pdf

Please let me know if you have additional questions on this issue.

Thank you
Michael

From: Carleton, Ron [mailto:Carleton.Ron@epa.gov]
Sent: Monday, March 16, 2015 9:.07 AM

To: DYKES, MICHAEL D {AG/1920]

Subject: Re: Time to talk

Any chance you could call at 9:45 your time?

Ron Carleton
Counselor to the Administrator for Agricultural Policy

Sent from my iPhone
> On Mar 15, 2015, at 5:20 PM, DYKES, MICHAEL D [AG/1920] <michael.d.dykes@monsantc.com>

wrote:
>

> Thank you Ron. | will give you a call tomorrow

EPAHQ_0006000



>

> Michael

>

> Sent from my iPhone

>

>> On Mar 15, 2015, at 5:42 PM, Carleton, Ron <Carleton.Ron@epa.gov> wrote:
>>
>> Michael, you can call me at 10 your time. I'm in Wichita but can chat. | Ex. 6 - Personal Privacy
>>

>> Ron Carleton

>> Counselor to the Administrator for Agricultural Policy
>>

>> Sent from my iPhone

>>

>>> On Mar 15, 2015, at 10:55 AM, DYKES, MICHAEL D [AG/1920] <michael.d.dykes@monsanto.com>
wrote:

>>>

>>> Ron

>>> | want to thank you for the time you guy our 6 farmer guests in DC

>>> last week. The farm community has a lot of interest in the

>>> environmental policies that have the potential to impact their

>>> farming operations. They appreciated the discussion with you

>>>

>>>

>>> There is another matter that | would like to talk with you about. Would you be available for a brief
conversation on Monday. | can call you if there is a time that is most convenient for you. Just let me know.
>>>

>>> Thank you

>>> Michael Dykes

>>>

>>> Sent from my iPhone

>>> This e-mail message may contain privileged and/or confidential

>>> information, and is intended to be received only by persons entitied

>>> to receive such information. If you have received this e-mail in error, please notify the sender
immediately. Please delete it and all attachments from any servers, hard drives or any other media. Other
use of this e-mail by you is strictly prohibited.

>>>

>>> All e-mails and attachments sent and received are subject to

>>> monitoring, reading and archival by Monsanto, including its subsidiaries. The recipient of this e-mail
is solely responsible for checking for the presence of "Viruses" or other "Malware".

>>> Monsanto, along with its subsidiaries, accepts no liability for any

>>> damage caused by any such code transmitted by or accompanying this e-mail or any attachment.
>>>

>>>

>>> The information contained in this email may be subject to the export

>>> control laws and regulations of the United States, potentially

>>> including but not limited to the Export Administration Regulations

>>> (EAR) and sanctions regulations issued by the U.S. Department of Treasury, Office of Foreign Asset
Controls (OFAC). As a recipient of this information you are obligated to comply with all applicable U.S.
export laws and regulations.

> This e-mail message may contain privileged and/or confidential

> information, and is intended to be received only by persons entitled

> 10 receive such information. If you have received this e-mail in error, please notify the sender
immediately. Please delete it and all attachments from any servers, hard drives or any other media. Other
use of this e-mail by you is strictly prohibited.

>
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> All e-mails and attachments sent and received are subject to

> monitoring, reading and archival by Monsanto, including its subsidiaries. The recipient of this e-mail is
solely responsible for checking for the presence of "Viruses" or other "Malware".

> Monsanto, along with its subsidiaries, accepts no liability for any

> damage caused by any such code transmitted by or accompanying this e-mail or any attachment.

>

>

> The information contained in this email may be subject {0 the export

> control laws and regulations of the United States, potentially

> including but not limited to the Export Administration Regulations

> (EAR) and sanctions regulations issued by the U.S. Department of Treasury, Office of Foreign Asset
Controls (OFAC). As a recipient of this information you are obligated to comply with all applicable U.S.
export laws and regulations.

This e-mail message may contain privileged and/or confidential information, and is intended to be
received only by persons entitled to receive such information. If you have received this e-mail in error,
please notify the sender immediately. Please delete it and all attachments from any servers, hard drives
or any other media. Other use of this e-mail by you is strictly prohibited.

All e-mails and attachments sent and received are subject to monitoring, reading and archival by
Monsanto, including its subsidiaries. The recipient of this e-mail is solely responsible for checking for the
presence of "Viruses" or other "Malware".

Monsanto, along with its subsidiaries, accepts no liability for any damage caused by any such code
transmitted by or accompanying this e-mail or any attachment.

The information contained in this email may be subject to the export control laws and regulations of the
United States, potentially including but not limited to the Export Administration Regulations (EAR) and
sanctions regulations issued by the U.S. Department of Treasury, Office of Foreign Asset Controls
(OFAC). As a recipient of this information you are obligated to comply with all applicable U.S. export laws
and regulations.
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To: Jones, Jim[Jones.Jim@epa.gov]
From: Sterling, Sherry

Sent: Wed 5/20/2015 10:35:32 AM
Subject: RE: HHS

Jim — he is Dr. Patrick Breysse. | have a general phone number, but it seems that everything
there is closed until 8:00. | will keep trying....

From: Jones, Jim

Sent: Tuesday, May 19, 2015 5:50 PM
To: Sterling, Sherry

Subject: Fwd: HHS

Sherry. Can you get me the contact info for the head of NCEH at CDC. I believe that person is
responsible for atsdr. Thx

Sent from my iPhone

Begin forwarded message:
From: "Housenger, Jack" <Housenger.Jack@epa.gov>
Date: May 19, 2015 at 4:50:11 PM EDT

To: "Jones, Jim" <Jones.Jim@epa.gov>
Subject: RE: HHS

Yes

Jess checked with them

They are

It is on the agenda for the general

It has been difficult to get information

From: Jones, Jim

Sent: Tuesday, May 19, 2015 4:33 PM
To: Housenger, Jack

Subject: Fwd: HHS
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Monsanto thinks atsdr is doing a glyphosate
Assessment. Could you guys run that down?
Sent from my iPhone

Begin forwarded message:

From: "DYKES, MICHAEL D [AG/1920]" <michael.d dykes@monsanto.com>
Date: May 19, 2015 at 3:28:05 PM EDT

To: Jim Jones <jones jim@epa.gov>

Subject: HHS

Jim

We discussed briefly at the Ag Committee hearing the glyphosate review by the HHS
Agency that was reviewing glyphosate and you were not aware of their review. Did
you learn anything more about their efforts?

Thank you
Michael

Sent from my iPhone

This e-mail message may contain privileged and/or confidential information, and is
intended to be received only by persons entitled

to receive such information. If you have received this e-mail in error, please notify the
sender immediately. Please delete it and

all attachments from any servers, hard drives or any other media. Other use of this e-
mail by you is strictly prohibited.

All e-mails and attachments sent and received are subject to monitoring, reading and
archival by Monsanto, including its

subsidiaries. The recipient of this e-mail is solely responsible for checking for the
presence of "Viruses" or other "Malware".

Monsanto, along with its subsidiaries, accepts no liability for any damage caused by
any such code transmitted by or accompanying

this e-mail or any attachment.

The information contained in this email may be subject to the export control laws and
regulations of the United States, potentially

including but not limited to the Export Administration Regulations (EAR) and
sanctions regulations issued by the U.S. Department of

Treasury, Office of Foreign Asset Controls (OFAC). As a recipient of this information
you are obligated to comply with all

applicable U.S. export laws and regulations.
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To: Jones, Jim[Jones.Jim@epa.gov]; Wise, Louise[Wise.Louise@epa.gov}
Cc: Strauss, Linda[Strauss.Linda@epa.gov]

From: Mojica, Andrea

Sent: Tue 11/17/2015 2:18:04 PM

Subject: QFR follow up on glyphosate

2353

Jim,

It appears that our most recent statement on glyphosate was to BNA which was sent to OPA on
October 8, 2015. The statement is as follows, “We are nearing completion of our cancer review
which included consideration of the TARC review. We expect to release our draft risk assessment
within the next few months.”

However, before we were using the following statement which is what was referenced in the
QFRs, “In 1991 EPA concluded that glyphosate should be classified as a Group E (evidence of
non-carcinogenicity for humans) based on a lack of convincing carcinogenicity evidence and
considering the criteria in EPA Guidelines for classifying a carcinogen. Since then, EPA has
monitored emerging research on the carcinogenicity of glyphosate. In 2014, EPA reviewed over
55 epidemiological studies conducted on the possible cancer and non-cancer effects of
glyphosate. Our review concluded that this body of research does not provide evidence to show
that glyphosate causes cancer, and it does not warrant any change in EPA’s cancer classification
for glyphosate. This is the same conclusion reached in 2004 by the United Nations’ Food and
Agriculture Organization and affirmed this year by Germany’s pesticide regulatory officials. In a
few months, EPA will be releasing for public comment our preliminary human health risk
assessment for glyphosate as part of our program to reevaluate all pesticides periodically. EPA is
aware of the recent International Agency for Research on Cancer (IARC) report and will address
it in detail in the preliminary risk assessment. Additional information regarding glyphosate and
EPA’s ongoing registration review can be found at:
http://1aspub.epa.gov/apex/pesticides/f?p=CHEMICALSEARCH:31:0::NO:1,3,31,7,12.25:P3 XCHEMICAL 1
press responses contained the highlighted text.

Ex. 5 - Deliberative Process

Just as an FYI, below is the Washington Post article I was talking about. It uses the previous
desk statement in the article.

Washington Post: October 4, 2015

V https://www.washingtonpost.com/lifestyle/food/its-the-chemical-monsanto-depends-on-how-
dangerous-is-it/2015/10/04/2b8158¢e-67a0-11e5-9ef3-fde182507¢ac_story.html

V It’s important to note that the IARC didn’t do new research (that’s not its job) but evaluated
existing research. Other organizations, evaluating the same research, have reached different
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conclusions. Although the Environmental Protection Agency’s assessment of glyphosate, done in
1991, is woefully out of date (a new assessment is due this year), the agency last year took a
fresh look specifically at cancer, in which it “reviewed over 55 epidemiological studies
conducted on the possible cancer and non-cancer effects of glyphosate” and concluded that “this
body of research does not provide evidence to show that glyphosate causes cancer. . . . This is the
same conclusion reached in 2004 by the United Nations’ Food and Agriculture Organization and
affirmed this year by Germany’s pesticide regulatory officials.”

Andrea

EPAHQ_0006006



To: Jones, Jim[Jones.Jim@epa.gov]

Cc: Wise, Louise[Wise.Louise@epa.gov]; Strauss, Linda[Strauss.Linda@epa.gov}
From: Mojica, Andrea

Sent: Tue 11/17/2015 3:23:29 PM

Subject: RE: QFR follow up on glyphosate

293333

Please see below for revised responses. Please let me know if you have any edits.
Thanks,
Andrea

Vv Question: Mr. Jordan - Recently, there has been some buzz about glyphosate's safety for use
as a pesticide, due to the International Agency for Research on Cancer's classification, even
though we have been using this product safely for decades, and there isn't a single regulatory
agency worldwide that considers it to be a carcinogen. Does the EPA believe that glyphosate is
safe to use within the prescribed label requirements?

Ex. 5 - Deliberative Process

¥V Mr. Jordan, opponents of biotechnology have been raising questions about the safety of
glyphosate herbicide with certain GM crops, notwithstanding its 40-year history of safe use and
the fact that no regulatory agency in the world considers glyphosate to be a carcinogen. In
April of this year, EPA issued a desk statement regarding glyphosate and the IARC conclusion.
In this statement, EPA stated, in part: "In 2014, EPA reviewed over 55 epidemiological studies
conducted on the possible cancer and non-cancer effects of glyphosate. Our review concluded
that this body of research does not provide evidence to show that glyphosate causes cancer, and
it does not warrant any change in EPA's cancer classification for glyphosate. This is the same
conclusion reached in 2004 by the United Nations' Food and Agriculture Organization and
affirmed this year by Germany's pesticide regulatory officials.” Can you confirm that this is the
most recent public statement EPA has issued addressing the safety of glyphosate?

Ex. 5 - Deliberative Process

From: Jones, Jim

Sent: Tuesday, November 17,2015 10:16 AM
To: Mojica, Andrea

Cc: Wise, Louise ; Strauss, Linda

Subject: Re: QFR follow up on glyphosate

Ex. 5 - Deliberative Process

Sent from my iPhone
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On Nov 17, 2015, at 9:18 AM, Mojica, Andrea <Mojica.andrea@ecpa.gov> wrote:

Jim,
It appears that our most recent statement on glyphosate was to BNA which was sent to OPA
on October 8, 2015. The statement is as follows, “We are nearing completion of our cancer
review which included consideration of the IARC review. We expect to release our draft
risk assessment within the next few months.”

However, before we were using the following statement which is what was referenced in
the QFRs, “In 1991 EPA concluded that glyphosate should be classified as a Group E
(evidence of non-carcinogenicity for humans) based on a lack of convincing carcinogenicity
evidence and considering the criteria in EPA Guidelines for classifying a carcinogen. Since
then, EPA has monitored emerging research on the carcinogenicity of glyphosate. In 2014,
EPA reviewed over 55 epidemiological studies conducted on the possible cancer and non-
cancer effects of glyphosate. Our review concluded that this body of research does not
provide evidence to show that glyphosate causes cancer, and it does not warrant any change
in EPA’s cancer classification for glyphosate. This is the same conclusion reached in 2004
by the United Nations’ Food and Agriculture Organization and affirmed this year by
Germany’s pesticide regulatory officials. In a few months, EPA will be releasing for public
comment our preliminary human health risk assessment for glyphosate as part of our
program to reevaluate all pesticides periodically. EPA is aware of the recent International
Agency for Research on Cancer (IARC) report and will address it in detail in the
preliminary risk assessment. Additional information regarding glyphosate and EPA’s
ongoing registration review can be found at:
http://1aspub.epa.gov/apex/pesticides/f7p=CHEMICALSEARCH:31:0::NO:1,3,31,7,12,25:P3 XCHEMICAL
press responses contained the highlighted text.

Ex. 5 - Deliberative Process

Just as an FYI, below is the Washington Post article I was talking about. It uses the previous
desk statement in the article.

Washington Post: October 4, 2015

? hitps:/fwww.washingtonpost.com/lifestvle/food/its-the-chemical-monsanto-depends-on-
how-dangerous-is-it/2015/10/04/2b8f58¢e-67a0-11e5-9ef3-fde182507¢eac_story html

? It’s important to note that the IARC didn’t do new research (that’s not its job) but
evaluated existing research. Other organizations, evaluating the same research, have
reached different conclusions. Although the Environmental Protection Agency’s assessment
of glyphosate, done in 1991, 1s woefully out of date (a new assessment is due this year), the
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agency last year took a fresh look specifically at cancer, in which it “reviewed over 55
epidemiological studies conducted on the possible cancer and non-cancer effects of
glyphosate” and concluded that “this body of research does not provide evidence to show
that glyphosate causes cancer. . . . This is the same conclusion reached in 2004 by the
United Nations’ Food and Agriculture Organization and affirmed this year by Germany’s
pesticide regulatory officials.”

Andrea
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To: Jones, Jim[Jones.Jim@epa.gov]

Cc: Wise, Louise[Wise.Louise@epa.gov]; Strauss, Linda[Strauss.Linda@epa.gov}
From: Mojica, Andrea

Sent: Tue 11/17/2015 6:39:47 PM

Subject: RE: QFR follow up on glyphosate

22335%

Jim,

Ex. 5 - Deliberative Process

Andrea

From: Jones, Jim

Sent: Tuesday, November 17,2015 10:26 AM
To: Mojica, Andrea

Cc: Wise, Louise ; Strauss, Linda

Subject: Re: QFR follow up on glyphosate

Ex. 5 - Deliberative Process

Sent from my 1Phone

On Nov 17, 2015, at 10:23 AM, Mojica, Andrea <Mojica.andrea@epa.gov> wrote:

Ex. 5 - Deliberative Process

Andrea

? Question: Mr. Jordan - Recently, there has been some buzz about glyphosate's safety for
use as a pesticide, due to the International Agency for Research on Cancer's classification,
even though we have been using this product safely for decades, and there isn't a single
regulatory agency worldwide that considers it to be a carcinogen. Does the EPA believe
that glyphosate is safe to use within the prescribed label requirements?
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Ex. 5 - Deliberative Process

? Mr. Jordan, opponents of biotechnology have been raising questions about the safety of
glyphosate herbicide with certain GM crops, notwithstanding its 40-year history of safe
use and the fact that no regulatory agency in the world considers glyphosate to be a
carcinogen. In April of this year, EPA issued a desk statement regarding glyphosate and the
TARC conclusion. In this statement, EPA stated, in part: "In 2014, EPA reviewed over 55
epidemiological studies conducted on the possible cancer and non-cancer effects of
glyphosate. Our review concluded that this body of research does not provide evidence to
show that glyphosate causes cancer, and it does not warrant any change in EPA's cancer
classification for glyphosate. This is the same conclusion reached in 2004 by the United
Nations' Food and Agriculture Organization and affirmed this year by Germany's pesticide
regulatory officials.” Can you confirm that this is the most recent public statement EPA has
issued addressing the safety of glyphosate?

Ex. 5 - Deliberative Process

From: Jones, Jim

Sent: Tuesday, November 17,2015 10:16 AM

To: Mojica, Andrea <Mojica.andrea@epa.gov>

Cc: Wise, Louise <Wise.Louise@epa.gov>; Strauss, Linda <Strauss.Linda@epa.gov>
Subject: Re: QFR follow up on glyphosate

Ex. 5 - Deliberative Process

Sent from my 1Phone

On Nov 17, 2015, at 9:18 AM, Mojica, Andrea <Mojica.andrea@ecpa.gov> wrote:

Jim,
It appears that our most recent statement on glyphosate was to BNA which was sent to
OPA on October 8, 2015. The statement is as follows, “We are nearing completion of
our cancer review which included consideration of the IARC review. We expect to
release our draft risk assessment within the next few months.”

However, before we were using the following statement which is what was referenced
in the QFRs, “In 1991 EPA concluded that glyphosate should be classified as a Group
E (evidence of non-carcinogenicity for humans) based on a lack of convincing
carcinogenicity evidence and considering the criteria in EPA Guidelines for classifying
a carcinogen. Since then, EPA has monitored emerging research on the carcinogenicity
of glyphosate. In 2014, EPA reviewed over 55 epidemiological studies conducted on
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the possible cancer and non-cancer effects of glyphosate. Our review concluded that
this body of research does not provide evidence to show that glyphosate causes cancer,
and it does not warrant any change in EPA’s cancer classification for glyphosate. This
1s the same conclusion reached in 2004 by the United Nations’ Food and Agriculture
Organization and affirmed this year by Germany’s pesticide regulatory officials. In a
few months, EPA will be releasing for public comment our preliminary human health
risk assessment for glyphosate as part of our program to reevaluate all pesticides
periodically. EPA is aware of the recent International Agency for Research on Cancer
(IARC) report and will address it in detail in the preliminary risk assessment.
Additional information regarding glyphosate and EPA’s ongoing registration review
can be found at:
http://1aspub.epa.gov/apex/pesticides/f7p=CHEMICALSEARCH:31:0::NO:1,3,31,7,12.25:P3 XCHEMIC#
press responses contained the highlighted text.

Ex. 5 - Deliberative Process

Just as an FYT, below is the Washington Post article I was talking about. It uses the
previous desk statement in the article.

Washington Post: October 4, 2015

? https:/'www.washingtonpost.com/lifestyle/food/its-the-chemical-monsanto-depends-
on-how-dangerous-1s-1t/2015/10/04/2b8158ee-67a0-11e5-%ef3-
fde182507¢cac_story.html

? It’s important to note that the IARC didn’t do new research (that’s not its job) but
evaluated existing research. Other organizations, evaluating the same research, have
reached different conclusions. Although the Environmental Protection Agency’s
assessment of glyphosate, done in 1991, 1s woefully out of date (a new assessment is
due this year), the agency last year took a fresh look specifically at cancer, in which it
“reviewed over 55 epidemiological studies conducted on the possible cancer and non-
cancer effects of glyphosate” and concluded that “this body of research does not
provide evidence to show that glyphosate causes cancer. . . . This is the same
conclusion reached in 2004 by the United Nations” Food and Agriculture Organization
and affirmed this year by Germany’s pesticide regulatory officials.”

Andrea
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To: Jones, Jim[Jones.Jim@epa.gov]

From: Dix, David

Sent: Fri 11/6/2015 2:46:54 PM

Subject: RE: materials for Tom B glyphosate meeting

2353

Thanks

Around all day, but am told you are booked!

We can catch up whenever you have a chance, today or next week.
David J. Dix, Ph.D.

Director, Office of Science Coordination and Policy

Office of Chemical Safety and Pollution Prevention

U.S. Environmental Protection Agency

1200 Pennsylvania Ave, NW (7201 M)

Washington DC 20460

Email: dix.david@epa.gov

Office phone: 202-564-8429
Location: Room 4126A WJC East

From: Jones, Jim

Sent: Thursday, November 05, 2015 9:39 AM

To: Dix, David

Subject: FW: materials for Tom B glyphosate meeting

In case you haven’t seen. Jim

From: Mojica, Andrea

Sent: Tuesday, November 03, 2015 12:19 PM

To: Jones, Jim <Jones.Jim@epa.gov>; Wise, Louise <Wise.Louise@epa.gov>
Subject: materials for Tom B glyphosate meeting

Jim

2

Ex. 5 - Deliberative Process
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Thanks,

Andrea
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To: Jones, Jim[Jones.Jim@epa.gov]

From: Housenger, Jack

Sent: Tue 9/8/2015 11:25:41 AM

Subject: FW: GLY

Prof Ivan Rusyn EN .pdf

Catalogue of Questions - Fragenkatalog Offentliche Anhdrung EN.pdf

2952

See the note from Ivan

Ex. 5 - Deliberative Process

From: Rusyn, Ivan [mailto:IRusyn@cvm.tamu.edu]
Sent: Monday, September 07, 2015 3:58 PM

To: Housenger, Jack

Cec: Dix, David

Subject: GLY

Dear Jack,

I hope you had a good summer and had a chance to look through the ITARC monograph on
glyphosate. Do let me know if there are any questions that you or your staff may have.

As you may know, there is quite a debate in Europe surrounding the BfR draft assessment report
on glyphosate renewal. I was asked to appear at the hearings in Bundestag on September 28 (see
attached invitation and a list of questions; I diid submit answers and they will be part of the
public record after the hearing) and I am trying to catch up on where the government action is on
this. I recall Jim Jones saying in an interview published by Reuters that EPA will release its re-
assessment in July. Please let me know if that did in fact happen, or whether you have another
date.

Also, you may be interested to know that a JMPR Expert Taskforce on Diazinon, Glyphosate and
Malathion (http://www.who.int/entity/foodsafety/areas_work/chemical-

risks/ete_final new 1.pdf?ua=1) conclusions should be released very soon as the group finalized
them last week.

Thank you and best regards,
Ivan

Ivan Rusyn, MD, PhD

Professor, Veterinary Integrative Biosciences
Texas A&M University

4458 TAMU
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College Station, TX 77843-4458
Office: (979) 458-9866; Cell: (919) 624-2272

PubMed citations

Google Scholar page

htip://rusynlab.org

htip://comptox.us
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List of questions for the hearing on 28 September 2015

1. What is the substantive basis for the different opinions which
exist on the question of whether glyphosate is likely to be
carcinogenic? How should these differences be viewed and
what course of action will now be taken in this regard? What
role does the fact that exposure varies depending on
directions for use play in assessing the risks?

What routes of exposure which could lead to an increased
risk of cancer are relevant for Germany, with the directions
for use currently in application?

2. How do you view the approval of active substances and plant
protection products at European Union (EU) level and at
national level? Should the existing legal requirement obliging
companies applying for approval to make available and
finance the necessary scientific studies be changed? And, if
so, who should cover the costs? How many scientific studies
on the possible carcinogenicity of glyphosate were assessed
and did the studies apply to the active substance or to the
plant protection product?

What alternative plant protection products are available to
the agricultural sector to replace glyphosate and what
environmental and health impacts would increased use of
these products have? What would be the impacts on
resistance management if glyphosate were no longer used?
What would be the impacts on conservation tillage of
replacing glyphosate?

4. What indications of other health hazards posed by glyphosate
are you aware of, apart from the probable carcinogenic
effects? Which institutions, particularly at international level,
are investigating these indications of possible health hazards
and what current international research projects assessing the
possible health hazards posed by the active substance are you
aware of?

5. A significant proportion of studies used by the Federal
Institute for Risk Assessment {BfR) are financed or initiated
by the chemical industry. What is your opinion of such
studies and how do you view their findings?

6. To what extent should the monograph produced by the
International Agency for Research on Cancer (IARC)
influence the re-authorisation of glyphosate at EU level in
your view and to what extent should the precautionary
principle be applied regarding authorisation of glyphosate,
against the background of studies concluding that glyphosate
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10.

11.

is “probably carcinogenic”?

What impacts on the health of users, local residents and
consumers in your opinion indicate that glyphosate ought
not to be used in agriculture?

. In your view, what impacts on the environment and on

agriculture of the active substance glyphosate on the one
hand and herbicide-resistant genetically modified plants on
the other indicate that glyphosate ought not to be used as an
active substance in agriculture?

What consequences would a ban on the use of glyphosate
have on the agricultural sector in the EU and in countries
which export agricultural commodities to the EU?

What differences are you aware of regarding the regulations,
procedures and criteria applied in assessments by the IARC,
Joint Meeting on Pesticide Residues (JMPR), Institute for Risk
Assessment (BfR), European Food Safety Authority (EFSA)
and, if applicable, the United States Environmental
Protection Agency (EPA)? Which regulations may lead to
scientific studies not being taken into account and how are
the different conclusions reached by these institutions
regarding the carcinogenicity of the active substance
glyphosate to be viewed against this background?

(If you represent one of the institutions listed above, please
indicate this to the left of the descriptions of the various
regulations, procedures and criteria.)

How do you assess the current availability of data regarding
the exposure of various groups in the population to
glyphosate (with particular reference to professional and
non-professional users, residents/bystanders/land users,
consumers and children/infants)? In particular, how
precisely can the level of (acute and background) exposure be
assessed in your view and what (if any) recommendations do
you have to improve the availability of data on glyphosate?
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12. What consequences would adoption of the IARC
classification as “probably carcinogenic to humans” have on
the possible new authorisation of glyphosate as an active
substance?

(c.f.
http://eur-lex.europa.eu/legal-content/EN/
TXT/?uri=CELEX%3A02008R1272-20150601
p. 152 onwards, Annex 1, 3.6: Carcinogenicity)
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Courtesy Translation

Professor Ivan Rusyn, MD

Texas A&M University

College of Veterinary Medicine and
Biomedical Sciences

College Station, Texas 77843

USA

By e-mail to:
IRusyn@cvm.tamu.edu

Public hearing on Monday, 28 September 2015
List of questions

Dear Professor Rusyn,

4 August 2015

Following your invitation from the Chairman of the Committee on Food and Agriculture,
Mr Alois Gerig, to attend in an expert capacity the public hearing on the following topic

“Glyphosate: effects on the health of users and consumers, and potential consequences

with regard to its approval as a pesticidal active substance”

please find attached the list of questions, as advised.

To allow the Committee members to prepare for the hearing, I would ask you to send your
written statements on the twelve questions to the Committee Secretariat by Wednesday,

9 September 2015, if possible via e-mail to el-ausschuss@bundestag.de

Yours sincerely,

Margot Heimbach
Committee Secretariat
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To: Jones, Jim[Jones.Jim@epa.gov]

Cc: Wise, Louise[Wise.Louise@epa.gov]
From: Mojica, Andrea

Sent: Fri 1/8/2016 8:40:00 PM

Subject: RE: glyphosate

It is unclear if the 1998 document was a full cancer review, but regardless the document still
classifies glyphosate as Group E.

From: Mojica, Andrea

Sent: Friday, January 08,2016 2:49 PM
To: Jones, Jim <Jones.Jim@epa.gov>

Cc: Wise, Louise <Wise.Louise@epa.gov>
Subject: glyphosate

Jim

Attached is the glyphosate CARC document. Also, according to our October 30, 1991 Second
Peer Review of Glyphosate we classified glyphosate as a Group E (evidence of non-
carcinogenicity for humans). It appears that there was a review in 1998 as well. I am trying to
locate this document to determine the classification.

Andrea
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To: Jones, Jim[Jones.Jim@epa.gov]

Cc: Wise, Louise[Wise.Louise@epa.gov]
From: Mojica, Andrea

Sent: Fri 1/8/2016 7:49:28 PM

Subject: glyphosate

glyphosate CARC 1 Oct 2015.pdf

Jim

2

Attached is the glyphosate CARC document. Also, according to our October 30, 1991 Second
Peer Review of Glyphosate we classified glyphosate as a Group E (evidence of non-
carcinogenicity for humans). It appears that there was a review in 1998 as well. I am trying to
locate this document to determine the classification.

Andrea
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460

OFFICE OF CHEMICAL SAFETY
AND POLLUTION PREVENTION

MEMORANDUM

DATE: October 1, 2015

SUBJECT: GLYPHOSATE: Report of the Cancer Assessment Review Committee

PC Code: 417300 DP Barcode: N/A
Decision No.: N/A Registration No.: N/A
Petition No.: N/A Regulatory Action: N/A
Risk Assessment Type: NA Case No.: N/A

TXR No.: 0057299 CAS No.: 1071-83-6
MRID No.: N/A 40 CFR: N/A

FROM: Jess Rowland, Aa% ¢ (Resos€an(l—
Deputy Division Director
Chair, Cancer Assessment Review Committee
And
Karlyn Middleton, Co-Chair
Cancer Assessment Review Committee
Health Effects Division (7509P)

TO: Charles Smith, Chief,
Risk Assessment Branch |
Health Effects Division (7509P)
And
Khue Nguyen
Chemical Review Manager
Risk Management and Implementation Branch 1
Pesticide Re-evaluation Division

On September 16, 2015, the Cancer Assessment Review Committee (CARC) of the Health
Effects Division, of the Office of Pesticide Programs evaluated the carcinogenic potential of
Glyphosate in accordance with the EPA s Final Guidelines for Carcinogen Risk Assessment
(March, 2005). Attached please find the final Cancer Assessment Document.
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CANCER ASSESSMENT DOCUMENT

EVALUATION OF THE CARCINOGENIC POTENTIAL OF
Glyphosate

FINAL REPORT
October 1, 2015

CANCER ASSESSMENT REVIEW COMMITTEE
HEALTH EFFECTS DIVISION
OFFICE OF PESTICIDE PROGRAMS
U.S Environmental Protection Agency

Page 2 of 87
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GLYPHOSATE FINAL
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EXECUTIVE SUMMARY

Glyphosate is a nonselective herbicide that is currently registered for pre- and post-emergence
application to a variety of fruit, vegetable, and field crops.

In 1985, the agency, in accordance with the Proposed Guidelines for Carcinogen Risk Assessment,
classified glyphosate as a Group C chemical (Possible Human Carcinogen) based on the presence
of kidney tumors in male mice. There was no evidence for carcinogenicity in male or female rats.
Furthermore, there were no mutagenicity concerns (TXR No. 0052067).

In 1986, the agency requested the FIFRA Scientific Advisory Panel (SAP) to evaluate the
carcinogenic potential of glyphosate. On February 24, 1986, the SAP recommended that
glyphosate should be categorized as a Group D chemical: Not Classifiable as to Human
Carcinogenicity. The panel determined that the data on renal tumors in male mice were equivocal:
they were only adenomas, and the increase did not reach statistical significance. The panel also
advised the agency to issue a data call-in notice for further studies in rats and/or mice to clarify
unresolved questions (SAP Report, 02/24/1986). This review is available at
http://www.epa.gov/pesticides/chem_search/cleared reviews/csr PC-103601 24-Feb-86_209.pdf

In 1991, the Carcinogenicity Peer Review Committee (CPRC) of the Health Effects Division
(HED), of the Office of Pesticide Programs (OPP), of the U.S. Environmental Protection Agency
(USEPA) evaluated the carcinogenic potential of glyphosate. In accordance with the agency’s
1986 Draft Guidelines for Carcinogen Risk Assessment, the CPRC classified glyphosate as a
Group E Chemical: “Evidence of Non-Carcinogenicity for Humans” based upon lack of evidence
for carcinogenicity in mice and rats and the lack of concern for mutagenicity (TXR# 0008897).

Earlier this year (March 2015), the International Agency for Research on Cancer (IARC), Lyon,
France, assessed the carcinogenic potential of glyphosate. The IARC reviewed the available
epidemiological studies and carcinogenicity studies for glyphosate in experimental animals. The
IARC concluded that there is /imited evidence in humans for the carcinogenicity of glyphosate
based on a positive association for non-Hodgkin lymphoma (NHL). The TARC also concluded that
there is sufficient evidence in experimental animals based on significant positive trends for kidney
tumors in one study and for hemangiosarcomas in another study in male mice. IARC determined
that there is strong evidence for genotoxicity. Overall, IARC classified glyphosate as “probably
carcinogenic to humans (Group 24) (IARC, 2015).

IARC’s conclusion was based on epidemiologic studies available in the open literature and
carcinogenicity studies in rats (4 studies) and mice (2 studies) by dietary administration. Of these
six studies reviewed by IARC, two studies in rats and one study in mice were previously not
available to OPP. The conclusion by IARC and the additional studies not available to OPP,
prompted the agency to re-evaluate the carcinogenic potential of glyphosate.
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On September 16, 2015, HED’s Cancer Assessment Review Committee (CARC) evaluated all
available epidemiological studies published in the open literature that examined the association
between glyphosate exposure and one or more cancer outcomes. This included one cohort study,
seven nested case-control studies based on the cohort study population, and 25 case- control
studies. The CARC also evaluated 11 chronic toxicity/carcinogenicity studies in rats (7) and mice
(4) following dietary administration for up to two years. Six of the studies (4 rat and 2 mouse)
were submitted to OPP to support registration/re-registration requirements, including two studies
in rats and one study in mice which were not previously available to OPP (but reviewed by IARC).
Data for review of the other five studies (3 rat and 2 mouse) were obtained from a review article
and its supplement published in the open literature (Greim ef al., 2015) that also had not been
previously reviewed by the agency (IARC did not evaluate the five studies cited in the Greim ez al.
2015 review article). The CARC also evaluated the mutagenicity/genotoxicity studies submitted to
OPP as well as studies summarized in two review articles (Williams ef al., 2000, and Kier and
Kirkland, 2013) published in the open literature.

The CARC concluded that the epidemiological studies in humans showed no association between
glyphosate exposure and cancer of the following: oral cavity, esophagus, stomach, colon, rectum,
colorectum, lung, pancreas, kidney, bladder, prostate, brain (gliomas), soft-tissue sarcoma,
leukemia, or multiple myelomas.

The CARC concluded that there is conflicting evidence for the association between glyphosate
exposure and NHL. No association between glyphosate exposure and NHL was found in
population-based case-control studies in the United States, Canada or France. Additionally, the
large prospective Agricultural Health Study (AHS) with 54,315 licensed pesticide applicators in
Iowa and North Carolina did not show a significantly increased risk of NHL. A population-based
case-control study from Sweden suggested an association between glyphosate exposure and NHL;
however, this finding was based on only 4 glyphosate-exposed cases and 3 controls.

When data from two case-control studies in Sweden (one on NHL and the other on hairy cell
leukemia) were pooled, a univariate analysis showed an increased risk (odds ratio (OR) = 3.04;
95% confidence interval (CI) = 1.08-8.52); however, when study site, vital status, and exposure to
other pesticides were taken into account in a multivariate analysis, the risk was attenuated
(OR=1.85; 95% CI=0.55-6.20). In another case-control study in Sweden, among the 29
glyphosate-exposed cases, a multivariate analysis showed an increased risk for NHL (OR=1.51;
95% CI=0.77-2.94) and B-cell lymphoma (OR=1.87; 95% CI=0.998-3.51). A meta-analysis of the
six separate studies showed an association between glyphosate exposure and NHL with a meta-risk
ratio of 1.5 (95% CI=1.1-2.0) (Schinasi and Leon, 2014). The CARC noted that most of the
studies in the database were underpowered, suffered from small sample size of cancer cases with
glyphosate exposure, and had risk/odds ratios with large confidence intervals. Additionally, some
of the studies had biases associated with recall and missing data.

In an attempt to address the noted power/sample size issues across studies, IARC used adjusted
weighting estimates of the two Swedish studies (Hardell ez a/. 2002 and Eriksson ef al. 2008) and
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reported an lower odds ratio in a second meta-analysis of the same data (OR=1.3;

95% CI=1.03—-1.65). Given the limitations of the studies used and uncertainty in the analytical
methods, the CARC concluded that a different weighting scheme could have resulted in a different
meta risk ratio. Thus, while epidemiologic literature to date does not support a direct causal
association, the CARC recommends that the literature should continue to be monitored for studies
related to glyphosate and risk of NHL.

Overall, the CARC concluded that there was no evidence of carcinogenicity in the eleven
carcinogenicity studies conducted in Sprague Dawley or Wistar rats and CD-1 mice. There were
no treatment-related increases in the occurrence of any tumor type in either sex of either species.

By contrast, the IARC concluded that there is sufficient evidence in experimental animals based on
a positive trend in the incidence of a relatively rare tumor type, renal tubular carcinoma and renal
tubule adenoma or carcinoma (combined) in CD-1 males in one feeding study. A second study
reported a positive trend for hemangiosarcomas in male CD-1 mice. The CARC did not consider
these tumors to be treatment-related since the observed tumors did not exhibit a clear dose-
response relationship, were not supported non-neoplastic changes, were not statistically significant
on pairwise analysis with concurrent control groups, and/or were within the range of the historical
control data. If the kidney tumors and the hemangiosarcomas are really treatment-related, it is
unlikely that the same tumors would not have been detected at higher incidences in the studies in
the other studies of CD-1 mice when tested at similar or higher doses (1000—4000 mg/kg/day).
Moreover, in 4 of the 11 studies (3 rat and 1 mouse) evaluated by CARC, there was no biologically
or statistically significant increases in the occurrence of any tumor type in either species. The other
observed differences in incidence did not show a dose response relationship, and were within the
range of the background/historical control range. The four studies which were negative for
carcinogenicity were reported in the review article by Greim ef a/. (2015) but were not included in
the IARC evaluation. This omission of the negative findings from reliable studies may have had a
significant bearing on the conclusion drawn for evidence of carcinogenicity in animals.

The CARC evaluated a total of 54 mutagenicity/genotoxicity studies which included studies
submitted to the agency, as well as studies reported in the two review articles (Williams ez al.,
2000, and Kier and Kirkland, 2013). A number of studies reported in the review article by Kier and
Kirkland (2013) were not considered by IARC. The CARC, based on a weight-of-evidence of the
in vitro and in vivo studies, concluded that there is no concern for genotoxicity or mutagenicity.
Glyphosate was no mutagenic in bacterial reversion (Ames) assays or in vifro mammalian gene
mutation assays. There is no convincing evidence that glyphosate induces micronuclei formation
or chromosomal aberrations in vitro or in vivo.

By contrast, IARC’s conclusion that glyphosate is genotoxic based on positive results that included
studies that tested glyphosate-formulated products as well as studies where the test material was
not well-characterized (i.e., no purity information was provided). The IARC analysis also focused
on DNA damage as an endpoint (e.g., comet assay). DNA damage is often reversible and can
result from events that are secondary to toxicity (cytotoxicity), as opposed to permanent DNA
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changes which are detected in tests for mutations and chromosomal damage (e.g. chromosomal
aberrations or micronuclei induction). The studies that IARC cited as positive findings for
chromosomal damage had deficiencies in the design and/or conduct of the studies confounding the
interpretation of the results. In addition these positive findings were not reproduced in other
guideline or guideline-like studies evaluating the same endpoints. Furthermore, IARC’s evaluation
did not include a number of negative results from studies that were reported in the review article
by Kier and Kirkland (2013). The inclusion of the positive findings from studies with known
limitations, the lack of reproducible positive findings and the omission of the negative findings
from reliable studies may have had a significant bearing on IARC’s conclusion on the genotoxic
potential of glyphosate.

In accordance with the 2005 Guidelines for Carcinogen Risk Assessment, based on the weight-of-
evidence, glyphosate is classified as “Not Likely to be Carcinogenic to Humans”. This
classification is based on the following weight-of-evidence considerations:

I The epidemiological evidence at this time does not support a causal relationship between
glyphosate exposure and solid tumors. There is also no evidence to support a causal
relationship between glyphosate exposure and the following non-solid tumors: leukemia,
multiple myeloma, or Hodgkin lymphoma. The epidemiological evidence at this time is
inconclusive for a causal or clear associative relationship between glyphosate and NHL.
Multiple case-control studies and one prospective cohort study found no association;
whereas, results from a small number of case-control studies (mostly in Sweden) did
suggest an association. Limitations for most of these studies include small sample size,
limited power, risk/odd ratios with large confidence intervals, and recall bias as well as
missing data. The literature will continue to be monitored for studies related to glyphosate
and risk of NHL.

T In experimental animals, there is no evidence for carcinogenicity. Dietary administration of
glyphosate at doses ranging from 3.0 to 1500 mg/kg/day for up to two years produced no
evidence of carcinogenic response to treatment in seven separate studies with male or
female Sprague-Dawley or Wistar rats. Similarly, dietary administration of glyphosate at
doses ranging from 85 to 4945 mg/kg/day for up to two years produced no evidence of
carcinogenic response to treatment in four separate studies with male or female CD-1 mice.
The CARC did not consider any of the observed tumors in 11 carcinogenicity studies in
rats and mice to be treatment-related since the observed tumors did not exhibit a clear dose-
response relationship, were not supported pre-neoplastic changes (e.g., foci, hypertrophy,
and hyperplasia), were not statistically significant on pairwise statistical analysis with
concurrent control groups, and/or were within the range of the historical control data.

' Based on a weight of evidence approach from a wide range of assays both in vitro and in
vivo including endpoints for gene mutation, chromosomal damage, DNA damage and
repair, there is no in vivo genotoxic or mutagenic concern for glyphosate.
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I. INTRODUCTION

On September 16, 2015 the Cancer Assessment Review Committee (CARC) of the Health Effects
Division of the Office of Pesticide Programs met to re-evaluate the carcinogenic potential of
glyphosate.

IL. BACKGROUND INFORMATION

Glyphosate (N-(phosphonomethyl) glycine) is a nonselective herbicide that is currently registered
for pre- and post-emergence application to a variety of fruit, vegetable, and field crops. Tolerances
are currently established for residues of glyphosate in/on various plant commodities at

0.2—400 ppm (40 CFR §180.364 (a)) (1). Registered uses range from tree nuts, citrus, and grapes to
corn, soybeans, cotton, and rice. Glyphosate is also registered for use on transgenic crop varieties
such as canola, corn, cotton, soybeans, sugar beets, and wheat. Aquatic and terrestrial registered
uses of glyphosate include non-selective control of nuisance aquatic weeds, ornamentals,
greenhouses, residential areas, ornamental lawns and turf, fallow land, pastures, and
nonagricultural rights-of-way.

The chemical structure and nomenclature for glyphosate is presented in Table 1.

Table 1. Chemical Nomenclature of Glyphosate

O O
Compons J
ompoun
p HO \/I\OH
OH

Common name Glyphosate

Company experimental name |DPX-B2856

TUPAC/CAS name N-(phosphonomethylglycine
CAS registry number 1071-83-6

Glyphosate is formulated in liquid and solid forms, and it is applied using ground and aerial
equipment. Application rates of glyphosate to food crops range from <1 pound (Ib) of acid
equivalent (ae) per acre (A) for a variety of crops to approximately 15 1b ae/A for spray and spot
treatments of crops including tree nuts, apples, citrus, and peaches. Residential lawn and turf
application rates range from <1 lb ae/A to approximately 10.5 Ib ae/A. The application timing of
glyphosate is varied. Glyphosate can be applied early and late in the season, at pre-plant, planting,
pre-emergence, pre-bloom, bud stage, pre-transplant, pre-harvest, post-plant, post-transplant, post-
bloom, and post-harvest. It can also be applied during dormant stages and to fallow land,
established plantings, stubble, and when needed. In September 1993, the agency issued the
glyphosate Reregistration Eligibility Decision (RED) document (D362745), available from
http://www.epa.gov/pesticides/reregistration/REDs/old reds/glyphosate.pdf.
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In 1985, the agency, in accordance with the Proposed Guidelines for Carcinogen Risk Assessment,
classified glyphosate as a Group C chemical (Possible Human Carcinogen) based on the presence
of kidney tumors in male mice. There was no evidence for carcinogenicity in male or female rats.
Furthermore, there were no mutagenicity concerns (TXR No. 0052067).

In 1986, the agency requested the FIFRA Scientific Advisory Panel (SAP) to evaluate the
carcinogenic potential of glyphosate. On February 24, 1986, the SAP recommended that
glyphosate should be categorized as a Group D chemical: Not Classifiable as to Human
Carcinogenicity. The panel determined that the data on renal tumors in male mice were equivocal:
they were only adenomas, and the increase did not reach statistical significance. The panel also
advised the agency to issue a data call-in notice for further studies in rats and/or mice to clarify
unresolved questions (SAP Report, 02/24/1986). This review is available at
http://www.epa.gov/pesticides/chem_search/cleared reviews/cst PC-103601 24-Feb-86_209.pdf

In 1991, the Carcinogenicity Peer Review Committee (CPRC) of the Health Effects Division,
Office of Pesticide Programs, in accordance with the agency’s 1986 Draft Guidelines for
Carcinogen Risk Assessment, classified glyphosate as a Group E Chemical: Evidence of Non-
Carcinogenicity for Humans. This classification was based upon lack of evidence for
carcinogenicity in mice and rats and the lack of concern for mutagenicity (TXR No. 0008897).

In 2002, the European Union (EU) concluded that there was no evidence of carcinogenicity for
glyphosate in long-term studies with mice and rats (EU, 2002).

In 2004, the Joint FAO/WHO Meeting on Pesticide Residues (JMPR) concluded that there was no
evidence of carcinogenicity for glyphosate in long term studies in mice and rats and there was no
evidence for genotoxic potential (JMPR, 2004).

In 2015, the International Agency for Research on Cancer (IARC) classified glyphosate as a Group
2A chemical (Probable Human Carcinogen) based on /imited evidence of carcinogenicity in
humans and sufficient evidence in experimental animals. The limited evidence in humans was
based on a positive association between non-Hodgkin lymphoma (NHL) and glyphosate exposure
from published epidemiology studies. The sufficient evidence in experimental animals was based
on a positive trend in the incidence of renal tubular carcinoma and renal tubule adenoma/
carcinoma combined in male CD-1 mice in one study and on a positive trend in the incidence of
hemangiosarcomas in male CD-1 mice in another study. There is strong evidence that glyphosate
causes genotoxicity (IARC, 2015).

In 2015, two chronic toxicity/carcinogenicity studies in rats (MRID Nos. 49631701; 4970460) and
one carcinogenicity study in mice (MRID No. 49631702) that were reviewed by IARC, but not
previously available to OPP, were submitted and reviewed. This assessment by the CARC includes
all of the studies (epidemiology and animals) reviewed by IARC as well as a subset of animal
studies reported in a review article by Greim et al. (2015) but not reviewed by IARC.
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1II. EPIDEMIOLOGY

This section includes a review of epidemiologic cohort and case-control studies of glyphosate to
evaluate whether exposure to glyphosate is associated causally with the risk of developing cancer
in humans.

The Agricultural Health Study (AHS) is a large prospective study conducted in Iowa and North
Carolina. Participants (private and commercial applicators) were asked to complete a 21-page
questionnaire that included data on personally mixing and/or applying pesticides (including
glyphosate), and frequency (days of use per year) and duration (years of use) of pesticide use. Data
on the use of personal protective equipment, other farming practices, dietary and lifestyle
information, demographic data, and medical information were also collected via the questionnaire
(Alavanja ef al., 1996). The role of pesticide use and lymph hematopoietic cancers, and in
particular NHL, has been studied in several investigations. For most of the cancer endpoints
studied in relation to pesticide use, only one epidemiology study is available (De Roos et al.,
2005); however, for NHL and other non-solid tumors, several investigations are published.

A. Cohort Study

There are multiple published studies which use data from the same cohort, the AHS (Alavanja ef
al., 2003; Flower et al., 2004; De Roos et al., 2005; Engel e al., 2005; Lee ef al., 2007; Landgren
et al., 2009; Andreotti et al., 2009; and Dennis ez a/., 2010). It should be noted that there is some
overlap between the cases and person-time reported findings in the AHS.

B. Case-Control Studies

Three case-control studies conducted by the National Cancer Institute in lowa and Minnesota
during the 1980s were reported by Brown e al. (1990), Cantor ef al. (1992) and Brown ef al.
(1993).

De Roos ef al. (2003) and Lee ez al. (2004a) reported the results of case-control studies conducted
in fowa, Minnesota, Nebraska and/or Kansas in the U.S.A.

The Canadian population based case-control studies were reported by McDuffie ef al., 2001;
Hohenadel er al., 2011; Karunanayke et al., 2012; and Kachuri er al., 2013.

Results of the Swedish case-control studies were reported by Nordstrom ef al., 1998; Hardell and
Erikson, 1999 and Hardell e a/., 2002; and Eriksson ef al., 2008.

A single case-control study conducted in France was reported by Orsi ef al. (2009).
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Coco et al., (2013) reported the results of a pooled analyses of case-control studies conducted in
six European countries between 1998 and 2004.

Case-control studies on the cancer of the brain (mainly gliomas) were reported by Ruder ef al.
2004; Carreon et al., 2005; Lee er al., 2005; and Yiin er al., 2012.

Case-control studies on other cancer sites were reported by Alavanja ef a/., 2004 (lung); Bank er
al., 2011 and Koutros er al., 2013 (prostate); Pahwa ef al., 2012 (soft tissue sarcoma) and Lee ef
al., 2004b (stomach and esophagus).

Schinasi and Leon (2014) conducted a meta-analysis of the six studies that evaluated NHL and
glyphosate exposure (McDuffie ef al., 2001; Hardell ef al., 2002; DeRoos et al., 2003; 2005;
Eriksson et al., 2008; and Orsi ef al., 2009). Sorahan (2015) conducted a re-analysis of the multiple
myeloma in the U.S. AHS.

C. Results
A summary of the studies evaluating the association between glyphosate exposure and cancer are
discussed below.
Z  Results of the studies reporting data on solid tumors (non-lymphohematopoietic) at various

anatomical sites are presented in Table 2.

T Results of the studies reporting data on glyphosate exposure and non-solid tumors
(lymphohematopoietic) are presented in Table 3.

1. Solid Tumor Cancer Studies

Within the AHS study cohort, a number of authors evaluated several anatomical cancer sites in
relation to pesticide use. A discussion of studies outside of the AHS cohort that addressed pesticide
use in relation to non-solid tumors including multiple myeloma and NHL is presented below in
Section C.2. (Non-Solid Tumor Sites).

(i) Cancer at Multiple Sites

De Roos et al., (2005) evaluated associations between glyphosate exposure and cancer incidence in
the AHS cohort study of 57,311 licensed pesticide applicators in lowa and North Carolina. The
authors used Poisson regression to estimate exposure-response relationships between glyphosate
and incidence of all cancers combined and 12 relatively common cancer subtypes. Exposure to
glyphosate was not associated with all cancers combined [Rate Ratio (RR) =1.0 with

95% Confidence Interval (CI) of 0.90-1.2)] or any cancer at a specific anatomical site.
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Several AHS nested case-control analyses as well as the cohort analysis from De Roos et al., 2005,
also provide information concerning the carcinogenic potential of glyphosate. As presented in
Table 2, there is no statistical evidence of an association with glyphosate presented across these
studies. Specifically, AHS researchers reported no statistical evidence of an association between
glyphosate use and cancers of the oral cavity (De Roos ef al., 2005), colon (De Roos et al., 2005;
Lee ef al., 2007), rectum (De Roos et al., 2005; Lee ef al., 2007), lung (De Roos ef al., 2005),
kidney (De Roos ef al., 2005), bladder (De Roos ef al., 2005), pancreas (De Roos ef al., 2005;
Andreotti ef al., 2009), breast (Engel ef al., 2005), prostate (Alavanja ef al., 2003; Koutros ef al.,
2013) or melanoma (De Roos et al., 2005; Dennis et al., 2010). The risk ratios (OR) or rate ratios
(RR) and 95% confidence interval (CI) for these studies are provided in Table 2.

In a population-based study (Band ez al., 2011) outside of the AHS, Canadian researchers reported
non-significantly elevated odds of prostate cancer in relation to glyphosate use (OR=1.36;

95% CI1=0.83-2.25). This study included prostate cancer cases from 1983-1990, prior to the
prostate-specific antigen (PSA) era. Consequently, the study included more advanced tumors
before diagnosis. Additionally, these data are in conflict with the results of Alavanja ef al. (2003),
which reflects the PSA-era cases (i.e., cases which are typically identified at an earlier stage in the
progression of the disease). Koutros ez al. (2013) did not identify an association with advanced
prostate cancer (OR=0.93; 95% CI=0.73-1.18) in a prostate cancer follow-up study within the
AHS.

A Canadian case-control study (Pahwa ef al., 2011) examined exposure to pesticides and soft
tissue sarcoma and found no relation with the use of glyphosate (OR=0.90; 95% CI= 0.58-1.40).

Flower ef al. (2004) examined the relation between parental pesticide use and all pediatric cancers
reported to state registries among children of AHS participants and did not observe a significant
association with maternal use exposure to glyphosate (OR=0.61; 95% CI= 0.32-1.16) or paternal
(prenatal) exposure to glyphosate: (OR=0.84; 95% CI= 0.35— 2.54).

(i)  Brain (Glioma) Cancer

Lee et al. (2005) investigated the association between brain cancer with farming and agricultural
pesticide use. The authors conducted telephone interviews of men and women diagnosed with
gliomas (n=251) between 1988 and 1993 in Nebraska and in controls (n=498) identified from the
same regions. Matching for age and vital status, study authors reported a non-significant elevated
odds of glioma (OR=1.5; 95% CI=0.7-3.1) in relation to glyphosate use; however, the results were
significantly different between those who self-reported pesticide use (OR=0.4; 95% CI=0.1-1.6),
and for those for whom a proxy respondent was used (OR=3.1; 95% CI=1.2-8.2), indicating recall
bias was likely a characteristic of this study.

Page 15 of 87

EPAHQ_0006037



GLYPHOSATE FINAL

Three population-based case-control studies evaluated the risk of brain cancer, specifically, glioma
risk, among men and women participating in the Upper Midwest Health Study (Carreon et al.,
2005; Ruder et al., 2004; Yiin ef al., 2012). Ruder et al. (2004) reported no association between
brain cancer and glyphosate use, but did not present any specific results (i.e. quantitative data).
Among glioma cases identified 1995-1997 by Carreon et al. (2005), the authors found little
evidence of a role for glyphosate in the etiology of this tumor. Herbicide use, including glyphosate
was not associated with glioma in women by proxy respondents (OR=0.75; 95% CI=0.4—-1.3) or
excluding proxy respondents (OR=0.6; 95% CI=0.3—1.2). In the study by Carreon ez al. (2005),
there was no difference in risk estimate by vital status (use of self-report or proxy respondent),
suggesting recall bias was more limited in this study in contrast to Lee ef al. (2005). Using a
quantitative measure of pesticide exposure (in contrast to an ever-use metric), the authors similarly
observed no statistical evidence of an association with glyphosate; risk estimates were roughly
equal to the null value (home and garden use: OR=0.98; 95% CI=0.67—1.43; non-farm jobs:
OR=0.83; 95% CI=0.39-1.73) (Yiin ef al., 2012).

(iii) Stomach and Esophageal Cancers

In a population-based case control study in eastern Nebraska, Lee et al. (2004) investigated
pesticide use and stomach and esophageal adenocarcinomas. Cancer cases (stomach=170 and
esophagus=137) were identified through the state cancer registry, and confirmed by a pathologist.
The exposure assessment was based on self-reported pesticide use, with follow-up telephone
interview to verify the reported information. There was no association between glyphosate
exposure and either stomach cancer (OR=0.8; 95% CI=0.4—-1.5) or esophageal cancer (OR=0.7;
95% CI=0.3-1.4).
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Cancer at Multiple Sites

De Roos et al. (2005)

AHS: Towa and North
Carolina, U.S.A.

Cohort
1993-2001

54,315 licensed
pesticide applicators

Self-report
questionnaire;
validated, reliability
tested; adjusted for
other pesticides

All cancers
RR =1.0 (0.9-1.2)

No association
between glyphosate
exposure and all
cancer including
NHL

Age at enrollment
(continuous), education,
cigarette smoking,
alcohol consumption,
family history of cancer
in first degree relatives,
and state of residence
(dichotomous: lowa/NC)

Site-Specific Cancers:

Lung; Oral cavity; Co

lon; Rectum; Kidney; Bladder; Prostate and Melanoma

De Roos et al. (2005)

AHS: Iowa and North
Carolina, U.S.A.

Cohort
1993-2001

54,315 licensed
pesticide applicators

Self-report
questionnaire;
validated, reliability
tested; adjusted for
other pesticides

Lung

RR= 0.9 (0.6-1.3)
Oral Cavity
RR=1.0 (0.5-1.8)
Colon

RR=1.4 (0.8-2.2)
Rectum

RR=1.3 (0.7-2.3)
Pancreas
RR=0.7 (0.3-2.0)
Kidney

RR=1.6 (0.7-3.8)
Bladder
RR=1.5(0.7-3.2)
Prostate

RR=1.1 (0.9-1.3)
Melanoma
RR=1.6 (0.8-3.0)

No significant
association
between glyphosate
exposure and
cancer of the lung,
oral cavity, colon,
rectum, pancreas,
kidney, bladder,
prostate or
melanomas

Age at enrollment
(continuous), education,
cigarette smoking,
alcohol consumption,
family history of cancer
in first degree relatives,
and state of residence
(dichotomous: Iowa/NC)
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Site-Specific Cancers: Breast Cancer

AHS: Towa and North
Carolina, U.S.A.

1993-1997; follow-
up to 2004

93 cases
82,503 controls

validated, reliability
tested

(Exposed: 55 cases)

Nested Case-Control | Self-report Direct exposure No association Age, race and state of
Engel et al. (2005) questionnaire (wives who applied) between glyphosate | residence (Iowa and
1993-1997 OR=0.9 (0.7-1.1) exposure and breast | North Carolina). Limited
AHS: Iowa and North (Exposed: 82 cases, cancer to licensed applicators.
Carolina, U.S.A. 30,454 wives of 10,016 controls) Potential exposure to
licensed pesticide multiple pesticides
applicators with no Indirect exposure (wives whose
history of breast husbands applied)
cancer at enrollment OR=1.3 (0.8-1.9)
(Exposed: 109 cases,
9,304 controls)
Site-Specific Cancers: Pancreatic Cancer
Andreotti ef al. (2009) | Nested Case-Control | Self-report Ever-use No association Age, smoke, diabetes,
questionnaire; OR=1.1 (0.6, 1.7) between glyphosate | applicator type. Limited

exposure and
pancreatic cancer

to licensed applicators.
Potential exposure to
multiple pesticides
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(95% Confidence Interval CI)

Conclusions
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Considered

Site-Specific Cancers: Prostate Cancer

Alavanja et al. (2003)

AHS: Iowa and North
Carolina, U.S.A.

Nested Case-Control

1993-1997; cancer
thru 1999

55,332 male
applicators

Self-report
questionnaire;
validated, reliability
tested

No quantitative risk estimate
reported

No quantitative
estimate due to lack
of significant
exposure-response
association with
prostate cancer.

Age, family history.
Limited to licensed
applicators. Potential
exposure to multiple
pesticides

Band et al. (2011)

British Columbia,
Canada

Case-Control
1983- 1990

1,516 prostate
cancer patients
4,994 age-matched
controls

Job exposure matrix
for agriculture;
detailed occupational
history; exposure
aggregated over all
jobs reported. 60
exposed cases

OR=1.36 (0.83-2.25)
(Exposed: 25 cases
60 controls)

No association
between glyphosate
exposure and
prostate cancer

Alcohol consumption,
cigarette years, education
level, pipe smoking years
and respondent

Koutros er al. (2013)

AHS: Iowa and North
Carolina, U.S.A.

Nested Case-Control
1993-2003

1,962 incident cases,
including 919
aggressive prostate
cancers among
54,412 applicators

Self-report
questionnaire,
validated

OR=0.93 (0.73-1.18)

No association
between glyphosate
exposure and
prostate cancer

Age, state, race, family
history of prostate cancer,
smoking, fruit servings,
and leisure-time physical
activity in the winter
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Conclusions

Potential Confounders
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rgite—Speciﬁc Cancers: Colorectal Cancer

Lee et al. (2007)

AHS: Towa and North
Carolina, U.S.A.

Nested Case-Control

1993-97; follow-up
to 2002

56,813 licensed
pesticide applicators

Self-report
questionnaire

Colon

OR=1.0 (0.7-1.5)
(Exposed: 151 cases
49 controls)

Rectum

OR=1.6 (0.9-2.9)
(Exposed: 74 cases
18, controls)

Colorectal

OR=1.2 (0.9-1.6)
(Exposed: 225 cases
67 controls)

No significant
association
between glyphosate
exposure and
colon, rectum or
colorectal cancer

Age, smoking, state, total
days use pesticides.
Limited to licensed
applicators. Potential
exposure to multiple
pesticides

Site-Specific Cancers: Cutaneous Melanoma

Dennis er al. (2010)

AHS: Towa and North
Carolina, U.S.A.

Nested Case-Control
1993-1997

150 cases,

24,554 non-cases

AHS self-report
questionnaire

No quantitative risk estimate
reported

No quantitative
estimate due to lack
of an association
with cutaneous
melanoma

Age, sex, tendency to
burn, red hair, sun
exposure time, BMI at 20
years
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Risk Estimate: Risk Ratio

(RR) / Odds Ratio (OR)
(95% Confidence Interval CI)

Conclusions

Potential Confounders
Considered

Site-Specific Cancers: Soft Tissue Sarcoma

Pahwa et al. (2011) Self-reported use, | OR=0.90 (0.58-1.40) No association Significant medical
Case-Control structured  interview/ between glyphosate | history variables and with
Canada 1991-1994 questionnaire; exposure and soft strata for the variables of
cumulative  exposure tissue sarcoma age group and province
342 cases, (+/-10 days/yr) of residence
1506 age/resident
matched controls
Total Childhood Cancer
Flower et al. (2004) Nested Case- Self-report Maternal use No association was | Potential exposure to
Control; hybrid questionnaire; OR=0.61 (0.32-1.16) detected between other pesticides. Child
AHS: Towa and North | prospective/ duration and 32 cases frequency of age in multiple logistic
Carolina, U.S.A. retrospective frequency of pesticide parental pesticide [standardized incidence
use; Female Family application of ratio (SIR)] was
1993-1998 questionnaire (child glyphosate and unadjusted
name) Paternal use (prenatal) childhood cancer
21, 375 children OR=0.84 (0.35-2.34); risk.
of licensed pesticide
applicators

In Iowa (n=17,357)
North Carolina
(n=4018)
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Brain Cancer (Glioma)

Lee et al. (2005a)

Nebraska

Population based
Case-Control study

1988-1993;

251 glioma cases
498 controls

Self-reported
questionnaire
information, telephone
follow-up for unclear
responses; men and
women assessed
separately

Self-Report
OR=0.4 (0.1- 1.6)
(Exposed: 4 cases
17 controls)

Overall

OR=1.5 (0.7-3.1)
(Exposed: 17 cases
32 controls)

Proxy report
OR=3.1 (1.2-8.2)
(Exposed:13 cases
15 controls)

Non-significant
excess risk for the
overall group, but
inconsistent for
self-report and
proxy indicating
recall bias

Age, proxy, respond type

Ruder er al. (2004)

Upper Midwest Health
Study (Iowa,
Michigan, Minnesota
and Wisconsin,
U.S.A)

Population-based
Case-Control

1995-1997
457 glioma cases

648 population
controls

Self-report
questionnaire, with
telephone based
follow-up

No quantitative risk estimate
reported for glyphosate.

No association with
glyphosate
exposure and brain
cancer

Farm residence, age, use
of other pesticides
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Upper Midwest Health
Study (Iowa,
Michigan, Minnesota
and Wisconsin)

1995-1997

798 glioma cases
1,175 controls

OR=0.98; 95% CI=0.67 - 1.43;

Non-farm jobs: OR=0.83; 95%
CI=0.39-1.73)

Carreon et al. (2005) Population-based Self-report Proxy respondents No association with | Age, education and use of
Case-Control questionnaire OR=0.75 (0.4-1.3) glyphosate other pesticide

Upper Midwest Health (Exposed: 18 cases exposure and brain

Study (Iowa, 1995-1997 41 Controls) cancer

Michigan, Minnesota

and Wisconsin) 341 glioma cases, Excluding proxy
528 controls OR=0.6 (0.3-1.2)

(Exposed:10 cases)

Yin et al. (2012) Population-based Self-report Home/garden use No significant Age, sex, education and

Case-Control questionnaire positive association | use of other pesticide

with glyphosate
exposure and brain
cancer
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Esophagus and Stomach Cancer

Lee et al. (2004b) Population based Self-report pesticide Esophagus No association with | Age, sex

Nebraska, U.S.A.

Case-Control

1988-1993

137 esophageal
cases;

170 stomach cases;

502 controls

use, telephone
structured interview

OR=0.7 (0.3-1.4)
(Exposed:12 cases
46 controls)

Stomach

OR=0.8 (0.4-1.5)
(Exposed: 12 cases
46 controls)

glyphosate
exposure and
esophagus or
stomach cancer
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2. Non-Solid Tumor Cancer Sites

A number of studies evaluating the possible link between pesticide use and lymphohematopoietic

cancers such as leukemia, multiple myeloma and NHL are presented in Table 3.

(i) Leukemia

In a population-based case-control study in lowa and Minnesota, Brown ef a/. (1990) investigated
leukemia risk and pesticide use; authors did not observe an association with the ever-use of
glyphosate in this study (OR=0.9; 95% CI=0.5-1.6). The study population (578 cases; 340 living
and 238 deceased and 1245 controls) was identified from cancers reported to state registry or
authorities in 1981-1984, and the pesticide exposure assessment was performed through in-person
interviews which the authors state likely reduced the exposure misclassification (i.e. incorrect
exposure information). Although the large sample size is a strength of this study, the limitations
include not controlling for exposure to other pesticides, limited power for studying the effects of
glyphosate use, and the potential for recall bias.

In a Swedish population-based case-control study, 121 cases in men and 484 controls matched for
age and sex were identified in 1987-1992 through the Swedish cancer registry. The authors
reported a non-statistically significant elevated risk of hairy cell leukemia in relation to glyphosate
use (OR=3.1; 95% CI=0.8-12.0), controlling for age, sex, and residential location. However,
because these results are based on only 4 glyphosate-exposed cases and 5 exposed controls as
noted by the authors, this risk should be interpreted with caution. Also, there was limited power to
detect an effect and there was no adjustment for other exposures. At this time, there is limited
available literature concerning glyphosate use and leukemia (Nordstrom ez a/., 1998).

(ii) Multiple Myeloma

In a follow-up analyses using the same study population from Iowa and Minnesota Brown et al.
(1993) investigated whether pesticide use is also related to multiple myeloma. Among men in lowa
(173 cases, 605 controls), the authors observed a statistically non-significant elevated association
with glyphosate use (OR=1.7; 95% CI=0.8-3.6). However, the authors caution that while the study
may lend support to the role of pesticides in general, the study limitations preclude use of the
evidence as a definitive finding for any one compound.

De Roos ef al. (2005) reported a suggestive association between multiple myeloma and
glyphosate-exposed pesticide applicators based on a small number (32) of cases. For applicators
with the full data set (54,315) and without adjustment for other variables the OR was 1.1;

95% CI=0.5-2.4. In the fully adjusted model, there was a non-statistically significantly elevated
risk (OR=2.6; 95% CI=0.7-9.4), however, the number of participants included in this analysis was
lower (n=40,716) due to missing data for the covariates. The authors postulated that the increased
myeloma risk could be due to bias resulting from a selection of subjects in adjusted analyses that
differed from subjects included in unadjusted analyses.
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Sorahan (2015), using Poisson regression, re-analyzed the AHS data reported by De Roos ef al.
(2005) to examine the reason for the disparate findings in relation to the use of a full data set
versus the restricted data set. Risk ratios were calculated for exposed and non-exposed subjects.
When adjusted for age and sex, the OR was 1.12 with the 95% CI of 0.5-2.49 for ever-use of
glyphosate. Additional adjustment for lifestyle factors and use of other pesticides did not have any
effect (OR=1.24; 95% CI=0.52-2.94).

In a population-based case-control study among men in six Canadian provinces between 1991 and
1994, researchers reported non-statistically significantly elevated odds of multiple myeloma in
relation to glyphosate use (OR=1.22; 95% CI=0.77-1.93), based upon 32 glyphosate exposed
multiple myeloma case and 133 controls (Pahwa ef al., 2012).

Kachuri ef al. (2013), using the same Canadian study population as above, further explored
multiple myeloma in relation to days per year glyphosate used in 342 cases of multiple myeloma
and 1357 controls. For ever use, the OR=1.19 and 95% CI=0.76-1.87. For light users

(<2 days/year) there was no association (OR=0.72; 95% CI=0.39-1.32; 15 exposed cases);
whereas, for heavy users (>2 days/ year), there was a non-significant increased odds ratio
(OR=2.04; 95% CI=0.98-4.23; 12 exposed cases). The limitation in this study was the same as the
previous study (i.e., the number of cases and controls exposed to glyphosate were very low).

Landgren ef al. (2009), within the AHS study population, investigated the association between
pesticide use and prevalence of monoclonal gammopathy of undetermined significance (or
MGUS). The MGUS is considered a pre-clinical marker of multiple myeloma progression.
The authors did not observe a link with glyphosate use in the AHS cohort (OR=0.50;

95% CI=0.20-1.0).

(iii) Lymphoma

The National Cancer Institute (NCI) performed a series of population-based case-control studies in
the Midwestern U.S. in the early to mid-1980s. These studies include several hundred non-
Hodgkin lymphoma (NHL) cases and controls, the identified cases were through disease registries
which in many cases, were histopathologically confirmed. The investigators ascertained pesticide
exposure through use of a structured interview with follow-up concerning pesticide use over time.

Cantor ef al. (1992), in a case-control study of NHL interviewed a total of 622 white men and 1245
population based-controls in lowa and Minnesota. Only 26 cases and 49 controls ever handled
glyphosate yielding an OR of 1.1 with the 95% CI of 0.7-1.9. The study, however, did not adjust
for exposure to other pesticides.

De Roos ef al. (2003) used pooled analysis (n=3,417) of three case-control studies of NHL
conducted in white men in Nebraska, Kansas and in lowa and Minnesota. Based on 36 exposed
cases and 61 exposed controls, the risk estimates for the association between glyphosate exposure
and NHL was significant (OR=2.1; 95% CI=1.1-4.0) in the logistic regression analyses. However,
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utilizing hierarchical regression techniques to adjust for exposure to other pesticide exposures,
there was an increase risk, but the increase was not statistically significant (OR=1.6;

95% CI=0.90-2.8). Overall, the data showed a suggestive association.

Based on the above findings, Lee ez al., (2004) examined the relationship between asthma and
pesticide exposure, and NHL. Pooling data from several midwestern states (IA, MN, and NE)
increased the study sample size, and additional pesticide use information was incorporated to
adjust the risk estimate (duration and frequency of use, telephone follow-up interview). The study
included 872 men with NHL and 2381 frequency-matched controls. The authors reported that the
OR associated with glyphosate was not statistically significantly different among those with
asthma (OR=1.2; 95% CI=0.4-3.3; 6 exposed cases) and among those without asthma (OR=1.4;
95% CI=0.98-2.1; 53 exposed cases), adjusting for age, state and vital status.

The three studies discussed above (Cantor et al., 1992; De Roos et al., 2003 and Lee ef al., 2004)
reflect the same population in the AHS and used different levels of information (duration and
frequency of exposure) and different analytic techniques [hierarchical regression and stratified
analysis (by atopy)]. While studies with increasing levels of refinement to methodology report a
stronger risk estimates in relation to glyphosate, additional studies are needed to exclude the role
of chance and other limitations that may explain positive (non-statistically significant)
associations.

A population-based case—control study (Hardell and Erickson, 1999) investigated the exposure to
pesticides as a risk factor for NHL in Sweden during 1987-1990. Exposure data were ascertained
by comprehensive questionnaires and supplemented by telephone interviews. Of the 404 cases and
741 controls, only 4 glyphosate-exposed cases and 3 controls were included in the study. In a
univariate analysis, the risk estimate was elevated, but precision was low (OR=2.3;

95% CI=0.40-13.0).

Hardell e al. (2002) analyzed pooled data from two case-control studies from Sweden that
examined NHL (Hardell and Erickson, 1999) and another on hairy cell leukemia, a subtype of
NHL (Nordstrom ef al., 1998). In the univariate analysis glyphosate exposure was found to be
significantly increased (OR=3.04; 95% CI=1.08-8.52) but, when study site, and vital status were
considered in a multivariate analyses, there was a non-statistically elevated risk among glyphosate
users (OR=1.85; 95% CI=0.55-6.20). However, the wide range of the CI suggest that the study is
under powered and, therefore the findings do not allow definitive conclusion on the association of
NHL and glyphosate exposure.

In another case-control study in Sweden (1999-2003), Eriksson et al. (2008) examined the effects
of exposure to different agents and NHL among 910 NHL cases and 1016 non-NHL controls.
Glyphosate exposure which was reported in 29 cases and 18 controls produced an OR of 2.02
(95% CI=1.10-3.71) in a univariate analysis and an OR of 1.51 (95% CI=0.77-2.94) in a
multivariate analysis conducted to clarify the relative importance of exposure to different
pesticides. When exposure was for more than 10 days/year, the OR was 2.36 (95% CI=1.16—4.40)
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and for exposure less than 10 days/year, the OR was 1.69 (95% CI=0.7—4.07). The risk estimate
was elevated also for B-cell lymphoma and glyphosate exposure (OR=1.87; 95% CI=0.998-3.51).

McDuffie ef al. (2001) in a multicenter-population based study among men of six Canadian
provinces estimated the association between glyphosate and NHL. The study included 517 cases
and 1506 controls identified betwen1991and 1994 through provincial cancer registries. In this
study, authors histopathologically confirmed 84% of cases, implemented a two-tiered exposure
questionnaire; and assessed the validity of the questionnaire through quality control studies both of
which increased the accuracy of the test results. There was a non-statistically significant increased
risk of NHL from glyphosate exposure. The OR was 1.26 and the 95% CI was 0.87—1.80 for 51
exposed cases, adjusted for age and province and the OR was 1.20 with a 95% CI of 0.83-1.74
when adjusted for age, province and high-risk exposure (adjusted for statistically significant
medical variables such as history of measles, mumps, cancer, allergy desensitization shots, and a
positive family history of cancer in a first-degree relative).

In a follow-up study which controlled for exposure to other pesticides, the risk to NHL from
glyphosate exposure was attenuated. Glyphosate exposure which was reported in 19 cases and 78
controls produced an OR of 0.92 with 95% CI of 0.54—1.55 (Hohenadel ef /., 2011). Within this
series of studies, the authors also evaluated Hodgkin lymphoma (HL), and observed little statistical
evidence of an association, using similar study design and methods. Among the 38 cases exposed
to glyphosate the OR was 0.99 with a 95% CI of 0.62—1.56 (Karunanayake et al., 2012).

In a hospital-based case control study conducted between 2000 and 2004 in France, authors
identified 491 NHL cases and 456 age-and sex-matched controls, and performed telephone-based
questionnaire to assess pesticide and other confounding variables. There was no association
between NHL and glyphosate use; for the 12 exposed cases, the OR was 1.0 and the 95% CI was
0.5-2.2). For Hodgkin lymphoma, for the 6 exposed cases, the OR was 1.7 and the 95% CI was
0.6-5.0 (Orsi et al., 2009).

The EPILYMPH case-control study was conducted across six countries in Europe (Czech
Republic, France, Germany, Ireland, Italy, and Spain) to explore the role of occupational exposure
to specific chemicals and risk of lymphoma overall, B-cell lymphoma and other subtypes.
Although the study recruited 2348 cases and 2462 controls, only a very small number of cases
were exposed to glyphosate (n=4) and controls (n=2). A non-significant increase in OR was
observed for B-cell lymphoma (OR=3.1; 95% CI=0.6-17.1), but the estimate is unstable due to the
small number of exposed cases and controls (Cocco et al., 2013)

Schinasi and Leon (2014) conducted a meta-analysis exploring occupational glyphosate exposure
and NHL using data from six of the above mentioned studies (McDuffie ef al., 2001; Hardell ef al.,
2002; DeRoos et al., 2003 and 2005; Eriksson et al., 2008; and Orsi ef al., 2009). Since the authors
identified a variety of sources of heterogeneity between publications, they calculated meta-risk
ratio (RR) estimates and 95% Cls using random effect models, allowing between study
heterogeneity to contribute to the variance. They reported I* values, which represented the
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percentage of the total variance explained by study heterogeneity and measure inconsistency in
results. Larger I? values indicate greater inconsistency. For glyphosate, the meta-risk ratio was 1.5
with a 95% CI of 1.0-2.0 and the I*value was 32.7% indicating greater inconsistency in these data
sets. This study combined multiple smaller studies that on their own were very limited in statistical
power to detect differences.

The 2015 IARC evaluation noted that fully adjusted risk estimates in two of the Swedish studies
(Hardell et al., 2002 and Eriksson et al., 2008) were not used in the analysis conducted by Schinasi
and Leon (2014). Consequently, IARC conducted a reexamination of the results of these studies.

For an association between glyphosate exposure and NHL, the IARC estimated a meta-risk ratio of
1.3 (95% CI=1.03-1.65), I*’=0%; p=0.589 for heterogeneity) (IARC 2015).
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(95% CI) Considered
= :
Leukemia

Brown ef al. (1990)

Towa and Minnesota,
US.A.

Population-based
Case-Control

1981-1984

578 cases
1245 controls

In person interview;
surrogates used.

OR=0.9 (0.5-1.6)
(Exposed:15 cases
49 controls)

No association
between
glyphosate
exposure and
leukemia

Vital status (alive, dead),
residency (IA or MN),

tobacco use, parent, sibling, or
child with a lymphopoietic
cancer, high risk occupation
and exposure to substances
(benzene, hair dyes etc) related
to risk of leukemia

Nordstrom et al.

Population-based

Self-reported pesticide

OR=3.1 (0.8-12)

A non-statistically

Age, sex, country of residence

Towa, U.S.A.

Brown et al. (1993)

(1998) Case-Control questionnaire and (Exposed: 4 cases significant (selected using matching,
follow-up telephone 5 controls) elevated risk of dissolved matching analyses)
Sweden 1987-1992 interview hairy cell No adjustment for exposure
leukemia from other pesticides
121 cases
484 controls
Multiple Myeloma

Population based
Case-Control

1981-1984

173cases
650 controls

Interview based
questionnaire with
follow-up

OR=1.7 (0.8-3.6)
(Exposed: 11 cases
40 controls)

Limited power to
assess association
of glyphosate
exposure and
multiple myeloma

Age and vital status
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Study Study Design Exposure Assessment | (RR/ Odds Ratio (OR) Conclusions Potential Confounders
(95% CI) Considered
De Roos ef al. (2005) | Prospective Self-administered Full data set No risk for full Missing data on covariates
Cohort questionnaire RR =1.1 (0.5-2.4) data set. Excess when multiple adjustments
Iowa and North (Exposed: 32 cases) risk only withno | were made, limiting
Carolina, U.S.A. 1993-2001 missing interpretation
Adjusted for age etc information of 22
54,315 licensed RR=2.6 (0.7-9.4) cases in the
pesticide applicators restricted data set
(Sorahan, 2015)
Orsi et al. (2009) Hospital based Case- | Self-report OR=2.4 (0.8-7.3) No significant Age, center, socioeconomic
Control questionnaire, with (Exposed: 5 cases association with category
France follow-up telephone 18 controls) glyphosate
2000-2004 based questionnaire, exposure and
expert review; two multiple myeloma
491 cases stage exposure

456 controls

collection process

Pahwa et al. (2012)

Canada

Population based
Case-Control

1991-1994

342 cases
1506 controls

Self-reported pesticide
use, structured
interview with
questionnaire;
cumulative exposure
(+/-10 days/yr)

OR=1.22 (0.77-1.93)
(Exposed: 32 cases
133 controls)

No significant
association with
glyphosate
exposure and
multiple myeloma

Significant medical history
variables (history of measles,
history of mumps, history of
allergies, history of arthritis,
history of shingles, and a
positive family history of
cancer in a first-degree
relative), and with strata for
the variables of age group and
province of residence
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Exposure Assessment

Risk Estimate: Risk R
(RR/ Odds Ratio (OR)
(95% CI)

a

ti

Conclusions

Potential Confounders
Considered

Kachuri er al. (2013)

Canadian Provinces

Population based
Case-Control

1991-1994

342 cases
1357 controls

Self-administered
questionnaire

For ever use
OR=1.19 (0.76-1.87)
Exposed: 32 cases
121controls

Light (<2 d/yr) use
OR=0.72 ( 0.39 -1.32)
Exposed: 15 cases

88 controls

Heavy (>2 d/yr) use
OR=2.04 (0.98-4.23)
Exposed: 12 cases
29 controls

No association
with glyphosate
exposure and
multiple myeloma
for ever or light
users

Increase for heavy
users is non-
significant

Relatively low response rate

Monoclonal Gammopathy of Undetermined Significance (MGUS)

Landgren et al. (2009)

AHS: Iowa and North
Carolina, U.S.A.

Nested Case-Control

1993-1997

678 participants

Self-administered
questionnaire

OR=0.5 (0.2-1.0)

No association
with glyphosate
exposure and
MGUS, a
premalignant
disorder that often
precedes multiple
myeloma

Age and education

Page 32 of 87

EPAHQ_0006054




GLYPHOSATE

Study

Study Design

Exposure Assessment

(RR/ Odds Ratio (OR)
(95% CI)

Risk Estimate: Risk Ratio “

Conclusions

Potential Confounders

Considered

r—Non-H()dgkin Lympho

ma (NHL)

Cantor et al. (1992)

Population based

Structured interview,

OR=1.1 (0.7-1.9)

No association

Vital status, age, state,

Towa, Nebraska,
Minnesota, Kansas,
US.A.

1983-1986\Nebraska

1979-1981\Kansas
1979-1986

870 white male
cases

2569 white male
controls

questionnaire,
demographic

OR=2.1 (1.1-4.0)
Exposed: 36 cases
61 controls

Hierarchical regression
OR=1.6; (0.9-2.8)

increased OR in
logistic model but
in the hierarchical
model, the OR
attenuated and no
significant
association with
glyphosate
exposure and NHL

Case-Control questionnaire Exposed: 26 cases with glyphosate smoking, family history, high
Iowa and Minnesota, response; farm 49 controls exposure and NHL | risk occupation, high risk
US.A. 1980-1983 activities and specific exposure. Not controlled for
pesticide use exposure to other pesticides.
622 cases
1245 controls
De Roos er al. (2003) | Case-Control Interview-based Logistic regression Significant Age, study site, use of all other

pesticides (group); hierarchal
regression informed priors
based on chemical-specific
information

Lee et al. (2004a)

Towa, Nebraska,
Minnesota, U.S.A

Population based
Case-Control

1980-1986

872 white male
cases

In person, structured
interview (pesticide
use, duration,
frequency, first and
last year used); 5-yr
follow-up interview,
10-min telephone on
pesticide use

Non-asthmatic
OR=1.4(0.98-2.1)
(Exposed: 53 cases
91 controls)

Asthmatic
OR=1.2 (0.4-3.3)
(Exposed: 6 cases
12 controls)

No significant
association with
glyphosate
exposure and NHL
either for
asthmatics or non-
asthmatics

Adjusted for age, vital status,
state
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Findings: Non Solid Tumor

Risk Estimate: Risk R

Study Study Design Exposure Assessment | (RR/ Odds Ratio (OR) Conclusions Potential Confounders
(95% CI) Considered
De Roos ez al. (2005) | Nested Case-Control | Self-administered OR=1.1 (0.7-1.9 No significant Age, smoking, other

AHS: Iowa and North
Carolina, U.S.A.

1993-2001

54,315 licensed
pesticide applicators

questionnaire

(Exposed: 92 cases)

association with
glyphosate
exposure and NHL

pesticides, alcohol
consumption, family history of
cancer, education

Hardell and Erickson
(1999)

Sweden

Population based
Case-Control

1987-1990

404 male cases
741 male controls

Questionnaire and
follow-up interview

Univariate
OR=2.3 (0.4-13.0)
(Exposed: 4 cases
3 controls)

Multivariate
OR=5.8 (0.6-54)

Some evidence of
a link with
glyphosate,
matching
variables; cannot
conclude
regarding causal
role for any
specific pesticide

Age, region, vital status
(matching). Few subjects
exposed. Variables used in
multivariate were no specified.
Study has limited power to
detect an effect

Hardell er al. (2002)

Sweden

Population based
Case-Control

Combined Hardell
1999 with another
case-control study
examining hairy cell
leukemia (one of 61
types of NHL)

1987-1990
515 cases
1141 controls

Questionnaire and
follow-up interview

Univariate

OR=3.04 (1.08-8.52)
(Exposed: 8 cases

8 controls)

Multivariate
OR=1.85 (0.55-6.20)

Risk attenuates
when adjusted for
other variables in
the multivariate
analysis

Age, country, study site, vital
status, other pesticide exposure
in the multivariate analysis
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ti

a
Study Study Design Exposure Assessment | (RR/ Odds Ratio (OR) Conclusions Potential Confounders
(95% CI) Considered
Eriksson et al. (2008) | Population based Questionnaire and Univariate Suggestive Age, sex, year of diagnosis.
Case-Control follow-up interview OR=2.02 (1.10-3.71) association for Multivariate analysis adjusted
Sweden (Exposed: 29 cases NHL with for exposure to other
1999-2002 18 controls) glyphosate pesticides
exposure
910 cases Multivariate

1016 controls

OR=1.55 (0.77-2.94)

With <10 days/ year
OR=1.69 (0.7-4.07)
(Exposed: 12 cases
9 controls)

With > 10 days/year
OR=2.36 (1.04-5.37)
(Exposed: 17 cases
9 controls)

B-cell lymphoma
OR=1.87 (0.998-3.51)

McDuffie er al. (2001)

Canada

Population based
Case-Control

1991-1994

517 cases
1506 controls

Two-tiered self-report
questionnaire;
cumulative exposure
(> 10 days/yr)

Univariate
OR=1.26 (0.87-1.8)
(Exposed: 51 cases
133 controls)

Multivariate
OR=1.20 (0.83-1.74)

No significant
association with
glyphosate

exposure and NHL

Adjusted for statistically
significantly medical variables
(history of measles, mumps,
cancer, allergy shots, and a
positive family history of
cancer) males only
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Study Design

Exposure Assessment

(95% CI)

(RR/ Odds Ratio (OR)

Conclusions

Potential Confounders
Considered

Hohenadel et al.
(2011)

Canada

Case-Control

1991-1994
513 cases
1506 controls

Two-tiered self-report

questionnaire;
cumulative exposure
(> 10 days/yr)

(Exposed: 19 cases
78 controls)

OR=0.92 (0.54-1.55)

No significant
association with
glyphosate
exposure and NHL

Age, province and proxy
respondent, males only

Orsi et al. (2009)

France

Hospital based
Case-Control

Self-report
questionnaire, with
follow-up telephone

OR=1.0 (0.5-2.2)
(Exposed: 12 cases
24 controls)

No association
with glyphosate
exposure and NHL

Age, center, socioeconomic

France, Germany,
Italy, Ireland and
Spain

1998-2003
2348 cases
2462 controls

conducted in person
interviews with
cases and controls

2000-2004 based questionnaire,
expert review; two
491 cases stage exposure
456 controls collection process
Cocco et al. (2013) EPICLYMPH Occupational OR=3.1 (0.6-17.1) No significant Age, center, socioeconomic
exposure; trained (Exposed: 4 cases association with
Czech Republic, Case-Control interviewers 2 controls) glyphosate

exposure and B-
cell

Hodgkin Lymphoma

Orsi et al. (2009)

France

Hospital based
Case-Control

2000-2004

491 cases
456 controls

Self-report
questionnaire, with
follow-up telephone
based questionnaire,
expert review; two
stage exposure
collection process

OR=1.7 (0.6-5.0)
(Exposed: 6 cases
15 controls)

No significant
association with
glyphosate
exposure and HL

Age, center, socioeconomic
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Study Study Design Exposure Assessment | (RR/ Odds Ratio (OR) Conclusions Potential Confounders
(95% CI) Considered
Karunanayake et al., Case-Control Questionnaire and Univariate No association History of measles, acne, hay
(2012). follow-up interview OR=1.14(0.74-1.76) with glyphosate fever, shingles and positive
1991-1994 (Exposed :38 exposure and HL | family history of cancer in a
Canada 133 controls) first-degree relative
361 cases
1,506 controls Multivariate
OR=0.99 (0.62-1.56)
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D. Discussion

In epidemiologic studies, the quality of the exposure assessment is a major concern since the
validity of the evaluations depends in large part on the ability to correctly quantify and classify an
individual’s exposure. During their life-time, farmers are typically exposed to multiple pesticides
and several of them are used together posing a challenge for identifying specific risk factors.
Moreover, there is no direct information on pesticide exposure or absorbed dose because analyses
are based on self-reported pesticide use. The studies included in this epidemiology assessment
relied primarily on questionnaires and interviews to describe participants’ past and/or current
exposure to glyphosate. Since the questionnaires are commonly used to account for exposure and
capture self-reporting, it can be subject to misclassification and recall bias. For example, case-
control studies are at risk of recall bias in the reporting of pesticide use in the past because cases
may have spent more time thinking about past exposures than controls. This could lead to
differential misclassification and bias relative risk from null. The possible effect of confounding
factors, which are related to both the exposure of interest and the risk of disease, may make it
difficult to interpret the results. Therefore, the ability of epidemiologic studies to provide
convincing evidence of causation under such circumstances may be limited. Causation is suspected
if several studies are consistent in their findings and; if the association between the agent and the
risk of disease is strong (i.e., high risk ratio). Support from animal data will help to make the case
for causation, particularly by establishing biological plausibility and the existence of a potential
mechanism. Another important consideration in assessing epidemiologic studies is that
commercially formulated products (not the active ingredient) are used by farmers. For example,
glyphosate is sold as Roundup®, which is a combination of the active ingredient and other
chemicals that often include a surfactant (polyethyleneamine) used to enhance the spreading of
spray droplets when they contact the foliage. Thus, it is possible that different glyphosate-
containing formulations were used across the different studies.

Most of the studies discussed here were hypothesis-generating in nature, consisted of small sample
sizes with limited power to detect associations and evaluated use of glyphosate in addition to
several other pesticides and often evaluated risk of multiple different types of cancer. Therefore,
the role of chance given the many different statistical tests performed and the lack of a pre-
specified hypothesis, limit epidemiologic inference. This hypothesis-generating evidence observed
in the studies requires further prospective follow-up studies to determine whether a true association
with glyphosate is indeed null. The case-control studies are retrospective studies and are
susceptible to recall bias for exposure reporting which could account for discrepancies in the study
findings. Variation in the quality of exposure assessment, study design and methods, as well as
available information concerning potential confounding variables could also explain these
inconsistencies in the data. In contrast, a prospective cohort study evaluates a number of diseases
simultaneously and facilitates performance of periodic assessments of agricultural and other
exposures. Periodic assessment of recent exposures enhances recall and reduces non-differential
misclassification. The ability to determine exposure prior to the onset of a disease eliminates the
case-recall bias, which was an issue identified as a weakness in case-control studies.
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1IV.  EVALUATION OF CARCINOGENICITY IN ANIMALS

A total of 11 chronic toxicity/carcinogenicity studies (7 rat and 4 mouse) were included in this
weight of evidence review. Of these, six studies were submitted for review to EPA under the
registration/reregistration programs including two studies in rats (MRID No. 496311701 and
49704601) and one in mouse (MRID No. 49631702) not previously reviewed. Data for review of
the other five studies were obtained from a published review article by Greim ef al., 2015 and were
available online at http://informahealthcare.com/doi/abs/10.3109/10408444.2014.1003423. The
IARC acknowledged the Greim ef al., (2015) review article, but did not evaluate the studies cited
in the review because the information provided in the review and its supplement was insufficient.

For this assessment, each study reported in the Greim ef al.,, (2015) review article was evaluated in
accordance with the agency’s 2012 Guidance for Considering and Using Open Literature Toxicity
Studies to Support Human Health Risk Assessment (http://www.epa.gov/pesticides/science/lit-
studies.pdf). In accordance with this guidance, the following four studies were not included in this
weight of evidence assessment since there is low confidence were determined to be unreliable for
carcinogenicity evaluation.

7 A two year feeding study in Sprague-Dawley rats (Excel, 1997) was not included due to the
lack of test article characterization (no purity of test material).

' The two-year drinking water study in Wistar rats reported by Chruscielska ef al., (2000)
was not included since the tested material was a formulated product (13.6% ammonium
salt) and there were a number of deficiencies (lack of purity, water consumption and body
weight data) in the conduct and reporting of the study.

An initiation-promotion study (George et al., 2010) in male Swiss mice that tested a
commercial formulation of glyphosate (41%) with study deficiencies (e.g. small number
(20) of animals, tested only males, and lack of histopathological examination).

[ A carcinogenicity study in Swiss mice (Feinchemie Schwebda, 2001) was not included due
to the presence of viral infection within the colony, which confounded the interpretation of
the study findings. Malignant lymphomas were reported in this study in all groups.
However, lymphomas are one of the most common types of spontaneous neoplastic lesions
in aging mice (Brayton et al., 2012). Murine leukemia viruses (MuLVs) are a common
cause of lymphoma in many different strains of mice (Ward 2006). Tadesse-Heath et al.
(2000) reported 50% lymphoma (mostly B-cell origin) incidence in a colony of Swiss mice.
Although the incidences in this study were within or near the normal variation of
background occurrence, it is not clear whether or not the viral component may have
contributed to incidence value reported or the lower survival seen at the high dose in the
study. Raw data are not available to perform appropriate statistical analyses of the
lymphomas correcting for the intercurrent mortality.
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A. Carcinogenicity Studies in Rats

1. Lankas, G, P. A Lifetime Study of Glyphosate in Rats. December 23, 1981.
Unpublished report No. 77-2062 prepared by Bio Dynamics, Inc. EPA Accession. No.
247617 — 247621. MRID No. 00093879.

a. Experimental Design

Groups of Sprague-Dawley rats (50/sex/dose) were fed diets containing glyphosate (98.7%,
pure) at concentrations of 0, 30, 100 or 300 ppm for 26 months. These concentrations were
adjusted during the course of the study so that actual doses of 0, 3, 10, and 31 mg/kg/day in
males and 0, 3, 11, and 34 mg/kg/day in females were maintained.

b.  Survival Analysis

There were no treatment-related effects on survival at any dose level.

c. Discussion of Tumor Data

There was an increase in the incidences of interstitial cell tumors in the testes of male rats
at the low (3/5; 6%), mid (1/50; 2%) and the high dose (6/50; 12%; P=0.013 pairwise
comparison) when compared to controls (0/50; 0%). In 1991, HED’s Cancer Peer Review
Committee (CPRC) did not consider the increases to be treatment-related based on the
following weight of evidence considerations: 1) lack of dose-response; 2) absence of pre-
neoplastic lesions (i.e., interstitial cell hyperplasia); 3) the incidences were within the
normal biological variation seen for this tumor type in this strain of rats; 4) the incidences
in the concurrent controls (0%) was not representative of the normal background
incidences noted in the historical control animals (mean, 4.5%; range, 3.4% to 6.7%) and
5) no interstitial cell tumors were seen when tested at much higher doses in the same strain
of rats in an another study (discussed below). The CARC agreed with the CPRC conclusion
and rationale and noted additional rat studies which also showed no effect on interstitial
cell tumors.

Although there was no evidence of a treatment-related increase in the incidences of
pancreatic islet cell tumors in male rats, the data are presented in Table 4 since this tumor
also seen in the second study discussed below.
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Table 4. Pancreatic Islet Cell Tumors in Male Sprague-Dawley Rats (MRID 00093879)

Tumor Type 0 ppm 30 ppm 100 ppm 300 ppm
Adenomas (%) 0/50 (0) 5/49 (10) 2/50 (4) 2/50 (4)
Carcinomas (%) 0/50 (0) 0/49 (0) 0/50 (0) 1/50 (2)
Combined (%) 0/50 (0) 5/49 (10) 2/50 (4) 3/50 (6)

d.  Non-Neoplastic Lesions
No treatment-related non-neoplastic lesions were seen.

e.  Adequacy of the Dosing for Assessment of Carcinogenicity
The CPRC concluded that the highest dose tested was not adequate to assess the
carcinogenic potential of glyphosate. Consequently, a second study was conducted
(discussed below).

. Stout, L. D. and Rueckerf, P.A. (1990). Chronic Study of Glyphosate Administered in
Feed to Albino Rats. Laboratory Project No. MSL-10495; September, 26, 1990, MRID
No. 41643801; Historical Controls; MRID No. 41728701.

a. Experimental Design

Groups of Sprague-Dawley rats (60/sex/dose) were fed diets containing glyphosate (96.5%,
pure) at dietary concentrations of 0, 2000, 8000 or 20,000 ppm 24 months. These levels
were equivalent to 0, 89, 362 or 940 mg/kg/day, respectively, for the males and 0, 113, 457
or 1183 mg/kg/day, respectively, for the females. An interim sacrifice was conducted on 10
rats/sex/dose at 12 months.

b. Discussion of Tumor Data

The most frequently seen tumors were pancreatic cell adenomas, hepatocellular adenomas
and thyroid C-cell adenomas in males. Data for these tumors and the respective historical
control data are presented in Tables 5 thru 11.

Pancreatic cell adenomas are presented in Table 5 and the historical control data are
presented in Table 6. Hepatocellular adenomas seen in males are presented in Table 7 and
the historical control data are presented in Table 8. The thyroid C-cell adenomas and/or
carcinomas observed in males and females are presented in Tables 9 and 10, respectively,
and the historical control data are presented in Table 11.
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Pancreas

There was no statistically significant trend test by dose for pancreatic islet cell tumors.
Increased incidences of adenomas only were observed at the low- and high-dose groups but
not at the mid-dose group.

Table 5. Pancreatic Islet Cell Tumors in Male Sprague-Dawley Rats
Cochran-Armitage Irend & Fisher’s Exact Test (MRID No. 41643801)

Tumor Type 0 ppm 2000 ppm 8000 ppm 20000 ppm
Adenomas 1/43% 8/45 5/49 7/48°
(%) (2) (18) (10) (15)
P= 0.170 0.018* 0.135 0.042*
Carcinomas 1/43¢ 0/45 0/49 0/48
(%) 2) 0) U] (0)
pP= 0.159 0.409 0.467 0.472
Combined 2/43 8/45 5/49 7/48
(%) 2 (18) (10) (15)
p= 0.241 0.052 0.275 0.108

a. Number of tumor-bearing animals/Number of animals examined, excluding those that died or were sacrificed
prior to study week 55.

b. First adenoma observed at week 81 in the 20,000 ppm group

c. First carcinoma observed at week 105 in the controls (0 ppm)

* Significant in a pair-wise comparison (P<0.05)

Historical control data on the incidence of pancreatic islet cell adenomas in male Sprague-Dawley
rats in 2-year studies (1983-1989) conducted at the testing facility (Monsanto Environmental
Health Laboratory; MRID No. 41728701) are presented in Table 6.

Table 6. Historical Control Data — Pancreatic Islet Cell Adenomas in Male Sprague-

Study No. 1 2 3 4 5 6 7

Study Year 07/83 | 02/85 10/85 6/85 9/88 1/89 3/89

Tumor Incidence 2/68 | 5/59 4/69 1/57 5/60 3/60 3/59

% 2.9% | 8.5% 5.8% 1.8% 8.3% 5.0% 5.1%
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The CPRC concluded that the pancreatic islet cell adenomas are not treatment-related based on the
following weight of evidence considerations: 1) although the incidences at the low (18%) and high
(15%) dose groups exceeded the historical control range (1.8-8.5%), there was lack of statistical
significance in Cochran-Armitage trend test; 2) the tumor incidence in the concurrent control was
at the low end of the historical control range; 3) considerable inter-group variability in the numbers
of males with tumors (i.e., no dose-response); 4) there were no preneoplastic changes; 5) there was
no progression from adenomas to carcinomas; and 6) the apparent statistical significance of the
pairwise comparisons of the treated groups with the concurrent control may be due to the low
incidences in the controls and not to an actual carcinogenic response. Furthermore, the incidences
of pancreatic cell tumors for the two studies did not show dose-response and the incidences were
within the historical control range (0 to 17%) reported in the open literature (Arnold ez al., 1985;
Borelli et al., 1990; Borzelleca et al., 1986, 1989, 1990; Burnett ef al., 1988; Trochimowicz ef al.,
1988). The CARC agreed with the CPRC conclusion and rationale and noted subsequent rat
studies which also showed no effect on islet cell tumors.

(11) Liver
There was a dose trend for adenomas only. There were no statistically significant increases in the
occurrence of benign or malignant hepatocellular tumor types (Table 7). The observed variations

in incidence were within the range of the historical control data.

Table 7. Glyphosate: Hepatocellular Tumors in Male Sprague-Dawley Rats Cochran-

Armitage Trend & Fisher’s Exact Test (MRID No. 41643801)

Tumor Type 0 ppm 2000 ppm 8000 ppm 20000 ppm

Adenomas 2/a4° 2/45 3/49 7/48"°

(%) &) 4 (6) (15)
P= 0.016 0.683 0.551 0.101
Carcinomas 3/44 2/45 1/49 2/48°

(%) (7N 4) () (4)
P = 0.324 0.489 0.269 0.458
Adenoma/Carcinoma 5/44 4/45 4/49 9/48
(%) (11) ) (8) (19)
P= 0.073 0.486 0.431 0.245

a. Number of tumor-bearing animals/Number of animals examined, excluding those that died or were sacrificed
prior to study week 55.

b. First adenoma observed at week 88 in the 20000 ppm group

¢. First carcinoma observed at week 85 in the 20000 ppm group

Historical control data on the incidence of hepatocellular adenomas and carcinomas in male
Sprague-Dawley rats in 2-year studies (1983—-1989) conducted at the testing facility (Monsanto
Environmental Health Laboratory; MRID No. 41728701) are presented in Table 8.
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Table 8. Historical Control Data : Hepatocellular Adenomas in

Male Sprague-Dawley Rats (MRID No. 41728701)

Study No. 1 2 3 4 5 6 7
Study Year 07/83 02/85 10/85 6/85 9/88 1/89 3/89
Adenomas 5/60 11/68 1/70 3/59 11/60 5/60 4/60
(8.3%) | 16.2%) | (1.4%) (5.1%) (18.3%) 8.3%) (6.7%)
Carcinomas 4/60 0/68 1/70 2/59 3/60 1/60 0/60
(6.7%) (0%) (1.4%) (3.4%) (5%) (1.7%) (0%)

The CPRC concluded that the slightly increased incidence of adenomas in male rats are not
treatment-related since: 1) the increase was not statistically significant in pairwise comparison with
the controls; 2) the incidences were within the historical control range; 3) except for a single
animal at the mid-dose late in the study (89 weeks), no hyperplasia, preneoplastic foci or other
non-neoplastic lesions were seen; and 4) there was no evidence of progression from adenomas to
carcinomas. The CARC agreed with the CPRC conclusion and rationale.

(1)  Thyroid
The increased incidences in C-cell adenomas observed at the mid and high-dose groups of rats of
both sexes did not show a statistically significant difference in pairwise comparisons with the

controls (Table 9 and 10, respectively). There was a dose trend observed for adenomas and
adenomas/carcinomas in females (P=0.03). Historical control data are presented in Table 11.

Table 9. Glyphosate: Thyroid C-Cell Tumors in Male Sprague-Dawley Rats

Cochran-Armitage Trend & Fisher’s Exact Test

(MRID No. 41643801)
Tumor Type 0 ppm 2000 ppm 8000 ppm 20000 ppm
Adenomas 2/54%° 4/55 8/58 7/58
(%) 4 (7) (14) (12)
= 0.069 0.348 0.060 0.099
Carcinomas 0/54 2/55° 0/58 1/58
(%) (0) (4) (0) (4)
p= 0.452 0.252 1.000 0.518
Adenoma/Carcinoma 2/54 6/55 8/58 8/58
(%) (1) (11) (14) (14)
p= 0.077 0.141 0.060 0.060

a. Number of tumor-bearing animals/Number of animals examined, excluding those that died or were sacrificed
prior to study week 55.

b. First adenoma observed at week 54 in the controls

¢. First carcinoma observed at week 93 in the 20,000 ppm

Page 44 of 87

EPAHQ_0006066



GLYPHOSATE

FINAL

Table 10. Glyphosate: Thyroid C-Cell Tumors in Female Sprague Dawley Rats

Cochran-Armitage Trend & Fisher’s Exact Test
RID No. 41643801)

Tumor Type 0 ppm 2000 ppm 8000 ppm 20000 ppm
Adenomas 2/57¢ 2/60 6/59° 6/55
(%) 4) (7) (10) (11)
P= 0.031° 0.671 0.147 0.124
Carcinomas 0/57 0/60 1/59¢ 0/55
(%) 0) (0) 2) (0)
P= 0.445 1.000 0.509 1.000
Adenoma/Carcinoma 2/57 2/60 7/59 6/55
(%) (4) 3) (12) (1)
p= 0.033 0.671 0.090 0.124

a. Number of tumor-bearing animals/Number of animals examined, excluding those that died or were sacrificed

prior to study week 55.

b.First adenoma observed at week 72 in the controls

¢. First carcinoma observed at week 93 in the 8000 ppm group.

Table 11. Historical Control Data — Thyroid C-cell Tumors in Sprague-Dawley
Rats (MRID No. 41728701)

Tumor Type Males Females
Adenomas 1.8-10.6% 3.3-10.0%
Carcinomas 0.0-5.2% 0.0 -2.9%

The CPRC concluded that the thyroid tumors in either sex are not treatment-related since:
1) the increased incidences exhibited no statistically significant trend or pairwise
comparisons with the controls in males; 2) in females, there was a trend but no pairwise
significance; 3) there was no progression from adenomas to carcinomas; and 4) there was no
dose-related increase in severity of grade or incidence of hyperplasia in males or females.
The CARC agreed with the CPRC conclusion and rationale and noted other rat studies which
showed no effect on thyroid C-cell tumors.

¢. Non-Neoplastic Lesions

There were no treatment-related precursor lesions at any dose level.

d. Adequacy of the Dosing for Assessment of Carcinogenicity

Dosing was considered to be adequate to assess carcinogenicity since the highest dose
tested was near or beyond the limit dose (1000 mg/kg/day).
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3. Atkinson, C., Strutt, A., Henderson, W., et al. (1993). 104-Week chronic feeding/
oncogenicity study in rats with 52-week interim kill. Inveresk Research International
(IRI), Tranent, Scotland. Study No. 438623; IRI Report No. 7867. April 7, 1993.
MRID No. 49631701. Unpublished.

a. Experimental Desien

In a combined chronic toxicity/carcinogenicity study, glyphosate (98.9% pure) was
administered to 50 male and female Sprague-Dawley rats/sex/dose in the diet at 0, 10, 100,
300, and 1000 mg/kg/day for 104 weeks. An interim sacrifice was conducted on 15
rats/sex/dose after 52 weeks of treatment.

b. Survival Analysis

No adverse effects on survival were seen in either sex across the doses tested

c. Discussion of Tumor Data

There were no treatment-related increases in the occurrence of any tumor type in this study.

d. Non-Neoplastic Lesions

There were no treatment-related non-neoplastic lesions in this study.

e. Adequacy of the Dosing for Assessment of Carcinogenicity

Dosing was considered to be adequate to assess carcinogenicity since the highest dose
tested was the limit dose (1000 mg/kg/day) and at this dose increased salivary gland weight
accompanied by cellular alterations in the mandibular and/or parotid glands occurred in
both males and females.

4. Brammer. (2001). Glyphosate Acid: Two Year Dietary Toxicity and Oncogenicity
Study in Rats. Central Toxicology Laboratory, Alderley Park Macclesfield, Cheshire,
UK: Syngenta. (MRID No. 49704601).

a. Experimental Design

In a combined chronic toxicity study, glyphosate acid (97.6% pure) was administered to
groups of Wistar rats in the diet. Groups of 52 male and 52 female rats received diets
containing 0, 2,000, 6,000, and 20,000 ppm glyphosate for 24 months. The achieved doses
were 0, 121, 361 or 1214 mg/kg/day in males and 0, 145, 437 or 1498 mg/kg/day in
females, respectively. Three satellite groups of 12 rats/sex/group were also included for
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interim sacrifice at 12 months of treatment. Parameters evaluated included clinical signs,
body weight, food consumption, hematology, clinical chemistry, and urinalysis, as well as
organ weights, necropsy and histopathological examination.

b. Survival Analysis

No adverse effects on survival were seen in either sex across the doses tested

c. Discussion of Tumor Data

As shown in Table 12, there was an increase in the incidence of hepatocellular adenomas in
male rats at the high dose when compared to controls. This increase was not considered to
be treatment-related due to 1) absence of dose-response relationship; 2) lack of progression
to malignancy; 3) no evidence of pre-neoplastic lesions; 4) the incidences were within the
range (0—11.5%) of historical controls for this strain (Wistar) of rats in 26 studies
conducted during the relevant time period (1984-2003) at the testing laboratory; and 5) the
0% incidence in concurrent controls is lower than the average background incidence for
liver adenomas in male Wistar rats.

Table 12. Liver Adenomas in Male Wistar Rats
Fisher’s Exact Test and Exact Trend Test Results

0 2000 6000 20000
Adenomas 0/522 2/52 0/52 5/52
(%) (0) 4) (0) (10)
P= 0.00804** 0.24757 1.00000 0.02826*

a =Number of tumor-bearing animals/Number of animals examined.

In addition, statistically higher survival (P=0.02) was observed in males at 20,000 ppm at
the end of 104 weeks relative to controls, and an overall trend for improved survival was
observed in treated males (P=0.03). The inter-current (early) deaths were 37/52, 36/52,
35/52, and 26/52 for the control, low, mid and high dose groups, respectively. The terminal
deaths were 16/52, 17/52, 18/52, and 26/52 for the control, low, mid and high dose groups,
respectively. This survival bias in the high dose group could easily explain a modestly
higher incidence of an age-related background tumor like liver adenoma (and fits with lack
of associated lesions). In the 1990 study in Sprague-Dawley rats (MRID No. 41643801)
there was also a weak but significant trend test for liver adenomas in males (P=0.02, no
pairwise); however, in that study adenomas in all treatment groups were still within the
historical control and the CPRC concluded that this effect was not treatment-related, as
discussed above. The lack of increased liver tumor incidence in the other rat studies
provide additional evidence for lack of an actual carcinogenic response in the liver.
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d. Non-Neoplastic Lesions

There were no treatment-related non-neoplastic lesions in any organs of either sex at any
dose level tested.

e. Adeguacy of Dosing for Assessment of Carcinogenicity

The highest dose tested in both sexes (1214 mg/kg/day in males and 1498 mg/kg/day in
females) exceeded the limit dose (1000 mg/kg/day). Treatment-related findings at these
doses were observed in the liver and kidney, notably renal papillary necrosis, prostatitis,
periodontal inflammation, urinary acidosis, hematuria and slight increases in the incidence
of proliferative cholangitis and hepatitis.

5. Feinchemie Schwebda. (1996). Combined Chronic Toxicity and Carcinogenicity Study
with Glyphosate Technical in Wistar Rats. Bangalore, India: Rallis India, Ltd. (Cited
in Greim et al., 2015).

a. Experimental Design

In a combined chronic/carcinogenicity study, glyphosate (96.0-96.8% pure) was
administered to groups of Wistar rats in the diet. Groups of 50 rats/sex/group received diets
containing 0, 100, 1000, and 10000 ppm glyphosate for 24 months. The average achieved
doses were 0, 7.4, 73.9, and 740.6 mg/kg/day. Parameters evaluated included clinical signs,
body weights, food consumption, hematology, clinical chemistry, and urinalysis, organ
weights, gross necropsy, and histopathological examination.

b. Survival Analysis

No adverse effects on survival were observed in either sex across the doses tested.

c. Discussion of Tumor Data

There were no statistically significant increases in any tumor type in this study. Details are
provide by Greim et al., 2015 can be found online at
http://informahealthcare.com/doi/abs/10.3109/10408444.2014.1003423

d. Non-Neoplastic Lesions

There were no non-neoplastic lesions at any dose level in either sex.
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e. Adequacy of Dosing for Assessment of Carcinogenicity

The doses tested were determined to be adequate in both sexes since the highest dose tested
(741 mg/kg/day) approached the limit dose (1000 mg/kg/day).

6. Arysta Life Sciences. (1997a). HR-001: 24-Month Oral Chronic Toxicity and
Oncogenicity Study in Rats. Kodaira-shi, Tokyo, Japan: The Institute of
Environmental Toxicology (Cited in Greim ef al., 2015).

a. Experimental Desien

In a combined chronic/carcinogenicity study, glyphosate (94.6-97.6% pure) was
administered to groups of Sprague-Dawley rats in the diet. Groups of 50 rats/sex/group
received diets containing 0, 3000, 10000, or 30000 ppm glyphosate for 24 months. The
achieved doses were 0, 104, 354 or 1127 mg/kg/day in males and 0, 115, 393, or 1247
mg/kg/day in females, respectively. Parameters evaluated included clinical signs, body
weight, food consumption, hematology, clinical chemistry, and urinalysis, organ weights,
gross necropsy and histopathological examination.

b. Survival Analysis

No adverse effects on survival were observed in either sex across the doses tested.

c. Discussion of Tumor Data
There were no statistically significant increases in any tumor type in this study. Details are
provide by Greim ef al., 2015 can be found online at
http://informahealthcare.com/doi/abs/10.3109/10408444.2014.1003423

d. Non-Neoplastic Lesions

There were no treatment-related non-neoplastic lesions in this study.

e. Adeguacy of Dosing for Assessment of Carcinogenicity

The highest dose 10,000 ppm (1127 mg/kg/day in males and 1247 mg/kg/day in females)
exceed the limit dose (1000 mg/kg/day) and there were increased cecum weights,
distension of the cecum, loose stool, follicular hyperkeratosis and/or folliculitis/follicular
abscess of the skin, and decreased body weights.
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7. Nufarm. (2009a). Glyphosate Technical: Dietary Combined Chronic Toxicity/
Carcinogenicity in the Rat. Shardlow, Derbyshire, UK: Harlan Laboratories Ltd.
(Cited in Greim et al., 2015).

a. Experimental Desien

In a combined chronic toxicity study, glyphosate (95.7% pure) was administered to groups
of Wistar rats in the diet. Groups of 51 rats/sex/group received diets containing 0, 1500,
5000, and 15,000 ppm glyphosate for 24 months. To ensure that a received limit dose of
1000 mg/kg/day was achieved, the highest dose level was progressively increased to 24000
ppm. The achieved doses were 0, 86, 285 or 1077 mg/kg/day in males and 0, 105, 349 or
1382 mg/kg/day, in females. Parameters evaluated included clinical signs, body weight,
food consumption, hematology, clinical chemistry, and urinalysis, as well as organ weights,
necropsy and histopathological examination.

b. Survival Analysis

No adverse effects on survival were seen in either sex across the doses tested.

c. Discussion of Tumor Data

There were no statistically significant increases in any tumor type in this study. Details are
provide by Greim et al., 2015 can be found online at
http://informahealthcare.com/doi/abs/10.3109/10408444.2014.1003423

d. Non-Neoplastic Lesions

There were no treatment-related non-neoplastic lesions in either sex at any dose level.

e. Adequacy of Dosing for Assessment of Carcinogenicity

The highest doses 1077 mg/kg/day in males and 1382 mg/kg/day in females exceed the
limit dose (1000 mg/kg/day).
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B. Carcinogenicity Studies in Mice

1. Knezevich, A.L and Hogan, G. K. (1983). A chronic feeding study of glyphosate in
mice. Unpublished report prepared by Bio/Dynamic Inc., dated July 21, 1983. Report
No. 77-2011. EPA Accession No. 251007 — 251009, and 251014.

a. Experimental Design

In a carcinogenicity study, groups of 50 male and female CD-1 mice received glyphosate
(99.78%, pure) at dietary levels of 0, 1000, 5000, or 30,000 ppm for two years. These doses
were equivalent to 0, 161, 835, 4945 mg/kg bw/day for males and 0, 195, 968, and 6069
mg/kg bw/day for females) for 24 months. Parameters evaluated included clinical signs,
body weight, food consumption, organ weights, and histopathological examination.

b. Discussion of Tumor Data

The incidences of renal tubule adenomas were as follows: 0/49 in the controls; 0/49 at the
low-dose; 1/50 at the mid-dose; and 3/50 at the high dose (TXR No. 0004370).

In 1985, the Registrant directed a re-evaluation of the original renal section by a consulting
pathologist (Dr. Marvin Kuschner). This evaluation identified a small renal tubule adenoma
in one control male mouse (animal number 1028) which was not diagnosed as such in the
original pathology report (TXR No. 0004855).

In 1986, at the request of the agency, additional renal sections (3 sections/kidney/mouse
spaced at 150 micron intervals) were evaluated in all control and all glyphosate-treated
male mice in order to determine if additional tumors were present. The additional
pathological and statistical evaluations concluded that the renal tumors in male mice were
not compound-related (TXR No. 0005590).

At the request of the agency, the Pathology Work Group (PWG) examined all sections of
the kidneys including the additional renal sections. The renal tubular-cell lesions diagnosed
by the PWG are presented below in Table 13. The PWG noted that because differentiation
between tubular-cell adenoma and tubular-cell carcinoma is not always clearly apparent
and because both lesions are derived from the same cell type, it appropriate to combine the
incidences for purposes of evaluation of statistical analysis. Statistical analyses are
presented in Table 14. The PWG unanimously concluded that these lesions are not
compound-related based on the following considerations: 1) renal tubular cell tumors are
spontaneous lesions for which there is a paucity of historical control data for this mouse
stock; 2) there was no statistical significance in a pairwise comparison of treated groups
with the controls and there was no evidence of a significant linear trend; 3) multiple renal
tumors were not found in any animal; and 4) compound-related nephrotoxic lesions,
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including pre-neoplastic changes, were not present in male mice in this study (TXR No.
0005590).
Dose/Tumor Type Control 1000 ppm 5000 ppm 30,000 ppm
0 mg/kg/day | 161 mg/kg/day | 835 mg/kg/day | 4945 mg/kg/day
Tubular-cell adenoma 1/49 0/50 0/50 1/50
Tubular-cell carcinoma 0 0/50 1/50 2/50
Combined incidence 1/49 (2%) 0/50 (0%) 1/50 (2%) 3/50 (6%)

Statistical analysis of the male mouse renal tumors diagnosed by the PWG are presented below

in Table 14.

Table 14. Kidney Tumors in Male CD-1 Mice — PWG

Cochran-Armitage Trend & Fisher’s Exact Test

Tumor Type | 0 mg/kg/day | 161 mg/kg/day | 835 mg/kg/day | 4945 mg/kg/day
Adenomas 1/49 0/49 0/50 1/45
(%) ) (0) (0) ()
P= 0.4422 1.0000 1.00000 0.7576
Carcinomas 0/49 0/49 1/50 2/50
(o) (0) (0) 2) 4
P= 0.0635 1.0000 0.5051 0.2525
Combined 1/49 0/49 1/50 3/50
(7o) 2) (0) 2) (6)
P= 0.0648 1.0000 0.7576 0.3163

Historical control data from the testing laboratory (Bio-dynamics) during the glyphosate-
study period (1976-1982) are presented in Table 15.

Table 15, Historical Control Data- Kidney tumors in CD-1 Mice — Bi/dynamics Inc.

Study I.D A B C D E F G

Study Period 6/78 - 12/77- 12/77- 10/78- 11/78- 11/77- 10/77-4/80
7/80 4/80 3/80 4/81 4/81 4/80

No. Examined 57 |54 |61 51 |53 159 |60 |60 |60 (60 [60]60 (|60 [60

Tubular Adenoma 1 0 0 0 |0 0 0 0 |2 0 |0 |O 0

Historical control data from 14 studies conducted between 1977 and 1981 at the testing
laboratory indicated that the mouse renal tumors ranged from 0 to 3.3% and the incidence
in the current study (3/50; 6%) exceeded the upper limit of the historical control range
(TXR No. 0007252).
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The CPRC determined that glyphosate produced an equivocal carcinogenic response in
male mice characterized by an increased incidence of renal tubular neoplasms. The
biological significance of the findings was questionable because of: a) lack of significance
in pairwise comparison with concurrent controls for adenomas, carcinomas and the
combined tumors; b) there was no concurrent increase in non-neoplastic renal tubular
lesions in male mice (e.g. tubular necrosis/regeneration, hyperplasia, hypertrophy, etc.),

c¢) the examination of multiple sections of kidneys from all groups resulted in no additional
neoplasms; this fact is particularly important since not only were the original sections
closely scrutinized by more than one pathologist, but additional sections as well,

d) increased incidence in high dose group was very small compared to control considering
the very high concentration which produced highly significant reduction in body weight
gain in males; e) although the incidences exceeded the historical control, this finding did
not override the lack of statistical significance of comparison to the concurrent controls.
Furthermore, the increased incidence of chronic interstitial nephritis in males is not relevant
to the tubular neoplasms. There was actually a decrease in renal tubular epithelial changes
(basophilia and hyperplasia) in males, and although there was a dose-related increase in
these changes in female mice, no tubular neoplasms were observed in females. Overall, the
Peer Review Committee did not consider the renal tumors to be treatment-related. The
CARC reaffirmed the CPRC conclusion and rationale. Also, the lack of increased renal
tumors in the other mouse studies in the same strain provides additional evidence for lack
of an actual carcinogenic response in the kidneys.

c. Non-Neoplastic Lesions

The incidence of centrilobular hepatocyte hypertrophy was slightly but not significantly
increased in high-dose male mice at terminal sacrifice if all mice were included in the
analyses. Centrilobular hepatocyte necrosis was significantly (P<0.01) increased in high-
dose male mice (10/50; 20%) compared to controls (2/49; 4%). No significant increases in
centrilobular hepatocyte hypertrophy or necrosis were observed in treated female mice.
There was a dose-dependent increase in the proximal tubular epithelial basophilia in female
mice; the incidences were: 0/50 (0%) in the controls, 2/50 (4%) at the low dose, 4/50 (8%)
at the mid dose, and 9/50 (18%) at the high dose (P< 0.01). All other tissue alterations
occurred sporadically and were found with approximately equal frequency and severity in
control and treated animals. These were considered unrelated to glyphosate treatment.

d. Adequacy of the Dosing for Assessment of Carcinogenicity

The high dose tested in males (4945 mg/kg/day) and females (6069 mg/kg/day) was
approximately 4 to 6-fold higher than the limit dose (1000 mg/kg/day), which produced
highly significant reduction in body weights in both sexes. Therefore, the doses tested were
determined to be adequate to assess the carcinogenic potential of glyphosate in this study.
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2. Atkinson, C., Martin, T., Hudson, P., and Robb, D. (1993). Glyphosate: 104 week
dietary carcinogenicity study in mice. Inveresk Research International, Tranent,
EH33 2NE, Scotland. IRI Project No. 438618. April 7, 1993. MRID 49631702.

a. Experimental Design

In a carcinogenicity study, glyphosate (97.5 — 100.2% pure) was administered to groups of
50 CD-1 mice/sex/dose in the diet at doses of 0, 100, 300, or 1000 mg/kg/day for 104
weeks. No interim sacrifices were performed. Parameters evaluated included clinical signs,
body weight, food consumption, organ weights, necropsy and histopathological
examination.

b. Discussion of Tumor Data

As shown in Table 16, hemangiosarcomas were found in 4/45 (9%) high-dose male mice
compared to none in the controls. In the treated mice at the high dose, one had the tumors
present in the liver and spleen, one had the tumor present in the liver only, one had the
tumors present in the liver, spleen, and prostate, and one had the tumor present in the
spleen only. No hemangiosarcomas were found in the control or low- and mid-dose mice.

Table 16. Hemangiosarcomas in Male CD-1 Mice
Fisher’s Exact Test and Exact Trend Test Results

Dose (mg/kg/day) 0 100 300 1000
Hemangiosarcomas 0/47 0/46 0/50 4/45
(%) (0) (0) (0) )
P= 0.00296%* 1.00000 1.00000 0.05332

a= Number of tumor bearing animals/Number of animals examined, excluding those that died before week 52.
Note: ** Significance of trend (P<0.01) denoted at control.

The increase in hemangiosarcomas in male mice was not considered to be treatment-related
due to 1) tumors seen only at the limit dose; 2) absence of statistical significance in the
pairwise analysis; 3) the incidences was near or the same as the upper limit (0-8%) for the
performing laboratory; 4) hemangiosarcomas were not seen in male mice in the other three
studies when tested at comparable doses (946—1467 mg/kg/day) or at considerably higher
doses (4348-5874 mg/kg/day) in this strain of mouse; 6) the considerable inter-group
variability in the number of female mice with this tumor (0, 2 , 0 and 1 in the control, low-,
mid- and high-dose groups, respectively); 7) Hemangiosarcomas are commonly observed
in mice as both spontaneous and treatment-related tumors arising from endothelial cells;

8) hemangiosarcomas appear in both sexes but are generally more common in males
(CD-1); 9) As vascular tumors, they can occur at different sites but liver and spleen tend to
be the most common sites in male mice.
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c. Non-Neoplastic Lesions

No treatment-related non-neoplastic lesions were seen.

d. Adequacy of the Dosing for Assessment of Carcinogenicity

The highest dose tested was the limit dose (1000 mg/kg/day).

3. Arysta Life Sciences. (1997b). HR-001: 18-Month Oncogenicity Study in Mice.
Kodaira-shi, Tokyo, Japan: The Institute of Environmental Toxicology (Cited in
Greim et al., 2015).

a. Experimental Desien

In a carcinogenicity study, groups of ICR-CD-1 mice (50/sex/group received diets
containing glyphosate (94.6-97.6% pure) at 0, 1600, 8000 or 40,000 ppm for 18 months.
The achieved doses were 0, 165, 838 or 4348 mg/kg/day in males and 0, 153, 787 or 4116
mg/kg/day in females, respectively. Parameters evaluated included clinical signs, body
weight, food consumption, hematology, clinical chemistry, and urinalysis, organ weights,
gross necropsy and histopathological examination.

b. Survival Analysis

No adverse effects on survival were observed in either sex across the doses tested.

c. Discussion of Tumor Data

There were no statistically significant increases in any tumor type in this study. Details
provided by Greim ef al. (2015) can be found online at
http://informahealthcare.com/doi/abs/10.3109/10408444.2014.1003423

d. Non-Neoplastic Lesions

There were no treatment-related non-neoplastic lesions in this study.

e. Adequacy of Dosing for Assessment of Carcinogenicity

The highest dose tested in both sexes exceeded (4-fold) the limit dose (1000 mg/kg/day).
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4. Nufarm. (2009b). Glyphosate Technical: Dietary Carcinogenicity Study in the Mouse.
Derbyshire, UK: Harlan Laboratories Ltd. (Cited in Greim ef al., 2015).

a. Experimental Desien

In another feeding study, CD-1 mice (50/sex/dose) received glyphosate (94.6-97.6%, pure)
at 0, 500, 1500, or 5000 ppm for 18 months. The calculated test substance intake was 0, 85,
267 or 946 mg/kg/day. Parameters evaluated included clinical signs, body weight, food
consumption, organ weights, gross necropsy and histopathological examination.

b. Discussion of Tumor Data

In male mice at the high dose (5000 ppm) there were increases in the incidences of
adenocarcinomas of the lung and malignant lymphomas as shown in Tables 17. For the
lung adenocarcinomas, the increases did not reach statistically significant pairwise
differences, although the trend was significant. For the malignant lymphomas there was a
trend and pairwise significance. Details provided by Greim ef al. (2015) can be found
online at http://informahealthcare.com/doi/abs/10.3109/10408444 . 2014.1003423

Table 17. Lung Adenocarcinomas and Malignant Lymphomas in Male CD-1

Mice (Greim et al., 2015)
Fisher’s Exact Test and Exact I'rend lLest Results

Dose (ppm) 0 500 1500 5000
Lung Adenocarcinoma 5/512 5/51 7/51 11/51
(%) (10) (10) (14) (22)

P= 0.02906** 0.62953 0.37996 0.08609
Malignant Lymphoma 0/51 1/51 2/51 5/51
(%) (0) (2) 4) (10)

P= 0.006633** 0.50000 0.24752 0.02820%*

a= Number of tumor bearing animals/Number of animals examined.
Note: ** Significance of trend (P<0.01) denoted at control.

The increase in lung adenocarcinomas was not considered to be treatment-related due to:

1) absence of statistical significance in the pairwise analysis; 2) the incidences in all
treatment groups including the controls were within the historical control range (1.43-26%)
for the performing laboratory; and 3) lung tumors were not seen in the other three studies
when tested at doses ranging from 814 to 4945 mg/kg/day for up to two years.
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Historical control data and results from the 5 studies can be used to put this finding into
perspective. The malignant lymphomas were not considered to be treatment-related since
the 0% incidence of this lesion in the concurrent control for male mice was lower than the
historical control mean (4.5%) and range (1.5-21.7%) in this strain and age of mice (Gikins
and Clifford, 2005; Son and Gopinath, 2004). Therefore, the apparent statistical
significance of the pairwise comparisons of the high dose male groups with the concurrent
control might have been attributable to this factor and not to actual carcinogenic response.
In addition, malignant lymphomas were not seen in the other three studies in this strain of
mice when tested at doses ranging from 814 to 4945 mg/kg/day for up to two years.

c. Non-Neoplastic Lesions

There were no treatment-related non-neoplastic lesions in this study.

d. Adeguacy of the Dosing for Assessment of Carcinogenicity

The highest dose (947 mg/kg/day) tested approached the limit dose (1000 mg/kg/day).

Iv. TOXICOLOGY
A. Metabolism

Single or repeated doses of radiolabeled '“C-glyphosate were administered orally to male and
female Sprague-Dawley rats. Following a single oral dose of, '*C-glyphosate, 30 to 36% of the
dose was absorbed and less than 0.27% of the dose was eliminated as CO2. 97.5% of the
administered dose was excreted in the urine and feces as the parent compound, glyphosate. Amino
methyl phosphonic acid (AMPA) was the only metabolite found in urine (0.2-0.3% of the
administered dose) and feces (0.2—0.4% of the administered dose). Less than 1.0% of the absorbed
dose remained in tissues and organs, primarily in bone tissue. Repeated dosing at 10 mg/kg did not
significantly change the metabolism, distribution or excretion of glyphosate.

In a second study, male and female Sprague-Dawley rats received single intraperitoneal injections
of radiolabeled *C-glyphosate at 1150 mg/kg. Blood samples were collected 0.25, 0.50, 1, 2, 4, 6
and 10 hours after injection. Femoral bone marrow samples were collected from one third of the
male and female rats sacrificed at 0.5, 4, or 10 hours after injection. Thirty minutes after injection
of glyphosate, the concentration of radioactivity in the bone marrow of male and female rats was
equivalent to 0.0044% and 0.0072%, respectively, of the administered dose. Assuming first order
kinetics, the decrease in radioactivity in bone marrow occurred with a half-life of 7.6 and 4.2 hours
for males and females, respectively. Similarly, the half-lives of the radioactivity in plasma were
approximately 1 hour for both sexes. These findings indicate that very little glyphosate reaches
bone marrow, that it is rapidly eliminated from bone marrow, and that it is even more rapidly
eliminated from plasma.
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B. Mutagenicity

In 1991, the Carcinogenicity Peer Review Committee concluded that there was no evidence of
genotoxicity for glyphosate based on negative findings in submitted guideline studies for the
bacterial reverse mutation test (MRID 00078620), in vitro mammalian cell gene mutation test in
CHO cells (MRID 00132681), in vivo mammalian bone marrow chromosomal aberration test
(MRID 00132683) and a “rec assay” used to detect DNA-damaging agents in Bacillus subtilis
(MRID 00078619) (TXR 0008898).

Glyphosate has also been evaluated for its genotoxic potential in other regulatory and published
literature studies. Extensive reviews of the available genotoxicity studies for glyphosate and
glyphosate products were conducted by Williams ez al. (2000) and by Kier and Kirkland (2013).
IARC also conducted a review of the publically available genetic toxicity data for glyphosate and
glyphosate-based formulations (IARC, 2015).

Williams ef al., (2000) concluded that “glyphosate is neither mutagenic nor clastogenic.”
Similarly, Kier and Kirkland (2013) concluded a “lack of genotoxic potential for both glyphosate
and glyphosate based formulations (GBFs) in core gene mutation and chromosomal effect
endpoints.” Kier and Kirkland (2013) also stated that “the observations of DNA-damage effects
seems likely to be secondary to cytotoxic effects.” However, IARC (2015) concluded that “there
is strong evidence that glyphosate causes genotoxicity.” It should be noted that the IARC’s
conclusion was based not only on studies conducted with the active ingredient but also on studies
conducted with the formulation products such as Roundup. Roundup is a combination of the
active ingredient and other chemicals, including a surfactant (polyoxyethyleneamine) which
enhances the spreading of spray droplets when contact foliage. Of note, the review article by Kier
and Kirkland (2013) and supplemental information provided on the publisher’s website were not
considered in the IARC evaluation.

In this assessment, the CARC considered a total of 54 studies including those submitted to the
agency under 40 CFR Part 158 as well as the studies presented in the review articles by Williams
et al. (2000), Kier and Kirkland (2013), and the IARC monograph (2015). Consistent with OPP’s
Guidance for Considering and Using Open Literature Toxicity Studies to Support Human Health
Risk Assessment (http://www.epa.gov/pesticides/science/lit-studies.pdf), literature studies
discussed in the reviews such as IARC that did not meet the Klimisch criteria for reliability (e.g.
lack of adequate glyphosate purity information for the test material) were not considered by the
CARC. The CARC determined the mutagenic potential of glyphosate in humans by conducting a
weight-of-evidence evaluation of the results from the cited bacterial reversion (Ames) assays, in
vitro mammalian gene mutation assays, in vifro and in vivo chromosomal aberration and
micronucleus assays as well as other relevant assays evaluating DNA damage.
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1. Bacterial reverse mutation assays

As shown in Table 18, glyphosate was not mutagenic in any of the in vifro bacterial mutation
assays using S. typhimurium or E. coli tester strains with or without microsomal S9 metabolic
activation. These results are consistent with the negative findings in the previously reviewed EPA
guideline (870.5100) bacterial reverse gene mutation study (MRID 00078620).

Table 18. Results from Bacterial Reverse Gene Mutation Assays!

Author CellStrain? Purigy | DlEhestiet Retle |Rewe
Akanuma,M. TA98, TA100, TA1535, 0/ 3 . .
(1995) TA1537: WP2ivrA 95.7% 5000 pg/plate Negative | Negative
Callander. R.D TA98, TA100, TA1535,
b B TA1537; WP2P and 95.6%> | 5000 pg/plate Negative | Negative
(1996) WP2uvrA
Fligge, C. TA98, TA100, TA102, osd . .
(2010) TA1535, TA1537 76.1% 100 pg/plate Negative | Negative
Fligge, C. TA98, TA100, TA102, o . .
(2010) TA1535, TA1537 96.4% 3160 pg/plate Negative | Negative
Fligge, C. TA98, TA100, TA102, o . .
(2009) TA1535, TA1537 98.8% 3160 pg/plate Negative | Negative
e TC— | TR0 TRI0 RIS |3, | SO PR | e |
Liand Long TA98, TA100, TA1535, o . .
(1988) TA1537, TA1538: 98% 5000 pg/plate Negative | Negative
?ggz) TA97, TA100, TA1535 98% 10,000 pg /plate Negative | Negative
Schreib, G. TA98, TA100, TA1535, o . .
(2010) TA1537: WP2ivrA 96% 5000 pg/plate Negative | Negative
Shirasu et al TA98, TA100, TA1535,
o 9785)” A | TA1537, TA1538 and 98.4% | 5000 pg/plate Negative | Negative
WP2uvrA
Sokolowski, A. | TA98, TA100, TA153S, o . .
(2007¢) TA1537: WP2ivrA 95.0% 5000 pg/plate Negative | Negative
Sokolowski, A. | TA98, TA100, TA1535, o . .
(2007a) TA1537; WP2uvrA 95.1% 5000 pg/plate Negative | Negative
Sokolowski. A TA98, TA100, TA1535,
T | TA1537,WP2P and 96.3% 5000 pg/plate Negative | Negative
(20090) WP2uvrA
Sokolowski, A. | TA98, TA100, TA1535, o . .
(2009a) TA1537: WP2uvrA 96.66% | 5000 pg/plate Negative | Negative
Sokolowski, A. | TA98, TA100, TA1535, o . .
(2007b) TA1537; WP2uvrA 97.7% 5000 pg/plate Negative | Negative
Suresh, T.P. TA98, TA100, TA1535, o . .
(1993) TA1537. TA1538 96.0% 1000 pg/plate Negative | Negative
Thompson
’ TA98, TA100, TA1535, o . .
?1;?\(/)6) TA1537; WP2uvrA 95.3% 5000 pg/plate Negative | Negative
1. Studies cited in Williams er al. (2000), Kier and Kirkland (2013), or IARC monograph.
2. S. typhimurium strains (TA97, TA98, TA100, TA102, TA1535, TA1537, and/or TA1538) or E. coli strains (WP2P and WP2uvrA)
3. Glyphosate acid
4. Monoammonium glyphosate salt
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2. Invitro mammalian cell gene mutation assays

Glyphosate did not induce forward mutations in mouse lymphomas cells or Chinese hamster ovary
(CHO) cells in the presence or absence of metabolic (S9) activation (Table 19).

Table 19. Results from mammalian gene mutation assays'.

Author Assay Type Cell type Purity | Highest conc. 1?:;;‘1“ E;;ult
Clay In vitro mammalian L5178Y mouse
. lymphoma cells/ 95.6% | 1.0 mg/mL Negative | Negative
(1996) gene mutation
tk locus
Jensen, J.C In vitro mammalian L5178Y mouse
a7 . lymphoma cells/ 98.6% | 5.0 mg/mL Negative | Negative
(1991) gene mutation
tk locus
Liand Long | Invifro mammalian | CHO cells/ o . .
(1988) gene mutation HGPRT locus 8% 22.5 mg/mL Negative | Negative

1. Studies cited in Williams’s er al. (2000), Kier and Kirkland (2013), or IARC monograph.

3. Invitro chromosomal aberration assays

Lioi et al. (1998a, 1998b) reported positive findings for chromosomal aberrations in human and
bovine lymphocytes treated with glyphosate in vitro in the absence of S9 activity. As discussed in
the Williams review, there is less confidence in the Lioi ef a/. results based on the use of an
unusual 72-hour treatment protocol and the observation of reduced cell growth in glyphosate-
exposed cells (an indication of a toxic effect) which can affect the evaluation of the study. Lioi ef
al. also reported chromosomal damage in lymphocytes treated with other known non-genotoxic
pesticides in this study at concentration ranges similar to where they reported effects for
glyphosate. By contrast, when the tests were performed according to the OECD guideline, Van de
Waart (1995) reported no significant increase in chromosomal aberrations in human lymphocytes
treated with up to 0.56 mg/mL (-S9) and 0.33 mg/mL (+S9) glyphosate, which are concentrations
3 orders of magnitude higher than those at which Lioi et al. reported aberrations. Glyphosate was
negative in two other in vifro chromosomal aberrations studies using human lymphocytes (Fox,
1998; Manas et al. 2009) and did not induce chromosomal aberrations in Chinese hamster lung
cells (Matsumoto, 1995; Wright, 1996). A summary of the findings is presented in Table 20.
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Table 20. Results from in vitro chromosomal aberration assays!.

Authors Assay Cell type Purity | Highest test Result Result
concentration | -89 +59 - |
. 0.56 mg/mL

an g Waart ) Chromosomal | Human peripheral | _ggo; | with $9;0.33 | Negative | Negative
( ) erration ymphocytes mg/mL w/o S9
Fox, V. Chromosome Human peripheral 0,2 . .
(1998) Aberration lymphocytes 95.6% 1250 ug/mL Negative | Negative
Lioi et al. Chromosomal | Human peripheral o e Not

a erration mphocytes »98% 1.4 mg/L Positive Tested
(1998a) Ab lymphocy
Manas et al. Chromosomal | Human peripheral o .| Not

erration mphocytes este
(2009) Ab . lymphocy 96% 6 mM Negative Tested
Lioi et al. Chromosomal | Bovine peripheral o e Not
erration mphocytes >98% 2.9 mg/L Positive Tested

(1998b Ab lymphocy
Matsumoto, K. | Chromosomal | Chinese Hamster o2 . .
(1995) Aberration Lung (CHL) cells 95.68%* | 1000 ug/mL Negative | Negative
Wright, N.P. Chromosomal | Chinese Hamster o . .
(1996) Aberration Lung (CHL) cells 95.3% 1250 ug/mL Negative | Negative

1. Studies cited in Williams er al., (2000), Kier and Kirkland (2013), or IARC monograph.
2. Glyphosate acid

4. Invivo micronucleus and chromosomal aberration assays

Numerous studies were evaluated to determine the potential for glyphosate to induce micronuclei
in rodent bone marrow cells. Studies included both intraperitoneal (IP) and oral routes of
glyphosate administration. In a literature study by Bolognesi ez al. (1997), the authors reported an
induction of micronuclei in male mice treated with up to 300 mg/kg (injected as two %2 doses). It is
noted that this study included only 3 animals/dose, rather than the 5 animals/dose recommended in
the agency’s test guideline (870.5395). In another literature study, Manas et al. (2009) reported an
induction of micronuclei in BALB/C mice when tested up to 200 mg/kg glyphosate. However,
there is some concern regarding how the micronuclei were scored in this study. As stated in the
Kier and Kirkland review, Manas ef al. (2009) reported their findings as an increase in
micronucleated erythrocytes rather than polychromatic erythrocytes. Scoring all erythrocytes
rather than immature polychromatic erythrocytes can impact the interpretation of the study as the
effects cannot be solely attributed to treatment by the test article. Suresh ef al. (1993) reported an
increase in micronuclei in females only in Swiss albino mice treated with 5 mg/kg glyphosate;
however, this occurred at a dose that is more than twice the limit dose for the agency’s guideline
study. Although the above authors reported positive findings, a vast majority of the in vivo
genotoxicity studies (including the previously reviewed guideline mammalian bone marrow
chromosomal aberration test) were negative at doses similar to or higher than the studies discussed
above, regardless of the dosing regimen or route of administration. Furthermore, glyphosate was
also negative in two rodent dominant lethal tests. A summary of the findings are reported in

Table 21.
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Table 21. Results from in vivo genotoxicity assays’.

Author Assay Type | Species/strain Purity | Highest Results Comments
conc.
Bolognesi e | Micronucleus | Male mice (strain 99.9% | 300 mg/kg Positive | Two IP injections of
al. test not provided) Y5 dose; 3 mice/dose
(1997)
Durward, R. | Micronucleus | Young adult male 95.7% | 600 mg/kg Negative | Single IP injection;
(2006) test and female albino Significant increase
Crl:CD- in % PCEs per 1000
ITM(ICR)BR mice erythrocytes was
observed in the 24-
hour; however not
48-hour at 600 mg/kg
Fliigge, C. Micronucleus | Male and female CD | 98.8% [ 2000 mg/kg | Negative | Single dose; oral
(2009) test rats gavage
Fox and Micronucleus | Male and female 95.6%* | 5000 mg/kg | Negative | Single dose; oral
Mackay test CD-1 BR mice gavage
(1996)
Honavar, N. | Micronucleus | Male and female 97.73% | 2000 mg/kg Negative | Single dose; oral
(2005) test NMRI mice gavage
Honavar, N. | Micronucleus | NMRI male mice 99.1% | 2000 mg/kg Negative | Single dose; oral
(2008) test gavage
Jensen, J.C. | Micronucleus | Young adult male 98.6% | 5000 mg/kg | Negative | Single dose; oral
(1991) test and female NMRI gavage
SPF mice
Manas ef al. | Micronucleus | BALB/C mice 96% 200 mg/kg Positive | Two 1P doses, 1 day
(2009) apart
NTP Micronucleus | Male and female 99% 11,379 Negative | Dietary admin., 13
(1992) test B6C3F1 mice mg/kg/day weeks
Suresh, T.P. | Micronucleus | Young Swiss albino | 98.6% | 5000 mg/kg |Males: Two doses 1 day
(1993) test male and female Negative | apart; oral gavage
mice Females:
Positive
Suresh, T.P. | Mouse Bone | Male and female 96.8% | 5000 mg/kg Negative | Two doses, 24 hours
(1994) Marrow Swiss albino mice apart; oral gavage
Chromosome
Aberration
Suresh, T.P. | Rodent Male and female 96.8% | 500 mg/kg Negative
1992) dominant Wistar rats (single dose);
lethal test 100 mg/kg (5
daily doses)
Wrenn Rodent Mouse; gavage 98.7% | 2000 mg/kg Negative
(1980) dominant
lethal test

1. Studies cited in Williams er /., (2000), Kier and Kirkland (2013), or IARC monograph.

2. Glyphosate acid
3. IP=intraperitoneal injection
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5. Other genotoxicity assavs

Inconsistent responses were reported in a number of assays designed to detect DNA damage,
including sister chromatid exchange (SCE) assay, unscheduled DNA synthesis assay, and the
comet assay (also known as the single cell electrophoresis assay). Positive responses in these
assays do not necessarily indicate a chemical is DNA-reactive (i.e. mutagenic), but rather that
DNA damage occurred under conditions of the assay. Glyphosate was also negative in two Rec-
DNA repair tests in B. subtilis. The results of these genotoxicity studies are presented in Table 22.

Table 22. Additional genotoxicity assays of glyphosate

Authors Assay Type Cell Type Purity | Highest test | Results
conc.
Bolognesi ef al. Sister chromatid | Human peripheral blood | 99.9% 1000 ug/mL Positive
(1997) exchange (SCE) | (invitro)
Lioi et al. SCE Human peripheral blood | >98% 1.4 mg/L Equivocal
(1998a) (in vitro)
Lioi et al. SCE Bovine peripheral blood | >98% 2.9 mg/L Equivocal
(1998b) (in vitro)
Liand Long Unscheduled Rat hepatocytes (in vitro | 98% 0.125 mg/mL | Negative
(1988) DNA synthesis exposure)
(UDS)
Rossberger,(1994) UDS Primary rat hepatocytes 98% 111.69 mM Negative
Bolognesi ef al. DNA Damage Mouse; 1P administration | 99.9% 300 mg/kg Equivocal
1997) [/reactivity/UDS
Bolognesi ef al. DNA Mouse; 1P; alkaline 99.9% 300 mg/kg Positive
(1997) Damage/reactivit | solution of extracted
y/UDS DNA
Alvarez-Moya et al. | Comet assay Human lymphocytes 96%? 700 pM Positive
(2014)
Lueken et al. Comet assay Human fibroblasts GM 98.4% 75 mM Negative
(2004) 5757
Manas et al.(2009) Comet assay Liver Hep-2 cells 96% 7.5 mM Positive
Miadinic et al. Comet assay Human lymphocytes 98% 580 ug/mL Positive
(2009) (toxic);
approximatel
y 3.43 mM
Rossberger, S. DNA repair test | Male SD rat primary >98% 111.69 mM Negative
(1994) hepatocytes
Akanuma, M. DNA repair test | Bacillus subtilis M45 95.68%" | 240 ug/disk Negative
(1995) (Rec- assay) rec-/ H17 rec+
Li and Long DNA repair test | B. subtilis H17, rect; 98% 2 mg/disk Negative
(1988) (Rec assay) M45, rec-
1. Studies cited in Williams er al., (2000), Kier and Kirkland (2013), or IARC monograph.
2. Glyphosate acid
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6. Conclusions

In summary, glyphosate was not mutagenic in bacteria or mammalian cells in vifro. Additionally,
glyphosate did not induce chromosomal aberrations in vitro. Although some studies in the open
literature reported positive findings for micronuclei induction in rodents, these findings were not
replicated in the majority of the rodent micronuclei or chromosomal aberration studies considered
in this assessment by the CARC. Some positive results were reported in SCE and comet assays in
the open literature; however, there is no convincing evidence that the DNA damage is a direct
effect of glyphosate exposure, but rather may be secondary to cytotoxicity or oxidative damage.

C. Structure-Activity Relationship

At present there are no structurally related pesticides registered by the agency which resemble
glyphosate. Sulfosate, the trimethylsulfonium salt of glyphosate (also known as glyphosate-
trimesium) is a 1:1 molar salt of N-(phosphonomethyl) glycine anion (PMG) and the
trimethylsulfonium cation (TMS). Sulfosate was evaluated for its carcinogenic potential following
dietary administration to male and female mice at 0, 10, 1000 or 8000 ppm (equivalent to 0, 16,
159 or 1341 mg/kg/day, respectively) for 18 months, and in male and female Sprague-Dawley rats
at 0, 100, 500, or 1000 ppm (equivalent to 0, 5.4, 27 or 557 mg/kg/day, respectively) for two years.
There was no evidence of carcinogenicity in either species. Sulfosate is classified as a Group E
Chemical: “Not Likely to be Carcinogenic to Humans” based on the absence of carcinogenicity in
mice and rats in two acceptable studies. Based on the available mutagenicity studies, there is no
concern for mutagenicity (TXR Nos. 0006452 and 0011156).

D. Subchronic and Chronic Toxicity Studies

1. Subchronic Toxicity

In a 90-day feeding study (MRID No. 00036803) CD-1 mice were fed diets containing 0, 250, 500
or 2500 mg/kg/day of glyphosate for three months. Body weight gains of the high-dose males and
females were about 24% and 18% lower, respectively, than those of the controls. Body weight
gains of the low-dose and mid-dose groups were comparable to those of the controls. For systemic
toxicity, the NOAEL is 500 mg/kg/day and the LOAEL is 2500 mg/kg/day, based on decreased
body weight gain in both sexes.

In a 90-day feeding study (MRID No. 40559401), Sprague-Dawley rats were fed diets containing
0, 63, 317, and 1267 mg/kg/day of glyphosate, respectively in males and 0, 84, 404 and 1623
mg/kg/day of glyphosate, respectively, in females. Treatment-related findings were: (1) increased
serum phosphorus and potassium in all treated groups, males and females; (2) increased serum
glucose in the mid-dose and high-dose males; (3) increased blood urea nitrogen (BUN) and serum
alkaline phosphatase in the high-dose males; and (4) occurrence of pancreatic lesions in the high-
dose males (pancreas was not examined at the low-dose and mid-dose groups). Based on these
findings, the systemic NOAEL is <1000 ppm (not determined definitively) for both sexes.
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2. Chronic Toxicity

) Rats

A chronic feeding/carcinogenicity study (MRID No. 00093879) was conducted using male and
female Sprague-Dawley rats which were fed diets containing 0, 30, 100, or 300 ppm of glyphosate
for 26 months. These levels were equivalent to 0, 3, 10, and 34 mg of glyphosate/kg/day,
respectively. There were no effects based on any of the parameters examined (toxic signs,
mortality, body weights, food consumption, hematology, clinical chemistry, urinalysis, organ
weights and organ/tissue pathology). Therefore, the NOAEL for systemic toxicity is 300 ppm
(males: 31 mg/kg/day and females: 34 mg/kg/day).

A second chronic feeding/carcinogenicity study (MRID No. 41643801) was conducted using male
and female Sprague-Dawley rats which were fed diets containing 0, 2000, 8000, or 20,000 ppm of
glyphosate for two years. These levels were equivalent to 0, 89, 362, or 940 mg/kg/day,
respectively, for the males and 0, 113, 457, or 1183 mg/kg/day, respectively, for the females.
Treatment-related effects observed only in the high-dose group included: (1) decreased body
weight gain in females; and (2) increased incidence of cataracts and lens abnormalities, decreased
urinary pH, increased absolute liver weight, and increased liver weight/brain weight ratio (relative
liver weight) in males. No significant systemic effects were observed in the low-dose and mid-dose
male and female groups. Therefore, the NOAEL for systemic toxicity is 8000 ppm

(males: 362 mg/kg/day and females: 457 mg/kg/day) and the LOAEL is 20,000.

In a combined chronic toxicity/carcinogenicity study (MRID No. 49631701), glyphosate

(98.9% a.1.) was administered to 85 Sprague-Dawley rats/sex/dose in the diet for 104 weeks ater
0, 10, 100, 300, and 1000 mg/kg/day to both sexes over the course on the study. Designated for the
toxicity portion of the study were 35 rats/sex/dose with the remainder designated for the
oncogenicity portion of the study. There were no statistical differences between treated and control
groups in survival rates. Pale feces were observed during weeks 16—104 in both sexes at the high
dose and in females from the low-mid and high-mid dose levels. No treatment-related effect was
observed in food consumption, hematology, ophthalmology, and gross pathology data. Males from
the high-dose group had statistically lower mean body weight (P<0.01) by 5% to 11% beginning
Week 2 of the study until Week 104, and at termination was 10% lower (-14% weight gain).
Females at the high dose had statistically lower body weight (P<0.05) by 5% to 12% beginning
Week 20 through Week 80 (with several exceptions), and at termination was 8% lower (-11%
weight gain). Statistically increased ALP activities (+46% to +72%) were observed in males at the
high dose throughout the study except for the 51 week interval when the mean value was 31%
higher than control. Elevated ALP activities were observed in females at the high dose (+34% to
+53%) throughout the study, and through most of the study at the high-mid dose by +20% to
+67%, though not always statistically significant. Urinalysis data showed reduced pH (5.5-6) in
males at the high dose throughout the study.
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The absolute liver weight was decreased significantly in females at the high dose after 52 weeks,
but after correcting for final body weight the difference was statistically significant at the three
highest doses. The parotid salivary gland weight was increased significantly in males at the three
highest doses (56—111%) after 52 weeks, but not after 104 weeks. The combined weight of the
sublingual and submaxillary salivary glands was significantly increased by 13% (22% after
correcting for body weight) at the high dose after 52 weeks. In females, the parotid gland was not
affected but the sublingual and submaxillary combined weight was significantly higher by about
15%. The changes in salivary gland weights were accompanied by increased incidence of mild to
severe parotid salivary gland cell alterations and slight to moderate mandibular salivary gland cell
alterations were observed in both sexes at the 52-week and 104-week intervals. The lesions were
described as cells and/or acini that appeared larger and stained in a weakly basophilic manner
without showing a tendency toward proliferative or degenerative changes over time. In males, the
increased incidence and severity of lesions in the parotid gland were significant (P<0.01) at 100,
300, and 1000 mg/kg bw/day at 52 weeks, and significant at 300 and 1000 mg/kg bw/day at 104
weeks. The increased incidence of lesions in the mandibular gland were significant at 300 and
1000 mg/kg bw/day at 52 weeks and significant (P<0.001) at 100, 300, and 1000 mg/kg bw/day at
104 weeks. In females, the increased incidence of parotid lesions was significant at 300 and 1000
mg/kg bw/day at 52 weeks, and significant at 100, 300, and 1000 mg/kg bw/day at 104 weeks. The
increased incidence in the mandibular gland lesions was significant at the high dose at both 52 and
104 weeks. The incidence and/or severity of kidney nephropathy decreased in males at 100, 300,
and 1000 mg/kg bw/day at 52 weeks and at the high dose at 104 weeks. Urothelial hyperplasia
significantly decreased in females from the high dose group at both the 52-week and 104-week
intervals. The LOAEL in male and female Sprague-Dawley rats administered glyphosate for 104
weeks in the diet was 100 mg/kg bw/day based on microscopic lesions in the parotid and
mandibular salivary glands. The NOAEL was 10 mg/kg bw/day (MRID No. 49631701).

In another chronic toxicity/carcinogenicity study (MRID No. 49704601), groups of 52 male and 52
female Alpk:APSD (Wistar-derived) rats were fed diets containing glyphosate at 0, 2000, 6000, or
20,000 ppm for two years. These doses were equivalent to 0, 121, 361 or 1214 mg/kg/day in males
and 0, 145, 437, or 1498 mg/kg/day in females, respectively. Treatment-related findings were
confined to the liver and kidneys at the highest dose (20,000 ppm). In both sexes, treatment-related
changes manifested as papillary necrosis, prostatitis, periodontal inflammation, urinary acidosis,
and hematuria. The LOAEL was 20,000 ppm (1214 mg/kg/day in males and 1498 mg/kg/day in
females) and the NOAEL was 6000 ppm (361 mg/kg/day in males and 437 mg/kg/day in females)

(i)  Mice

In a carcinogenicity study (MRID No. 00251007), glyphosate (Technical, 99.7% a.i.) was
administered to groups of 50 male and 50 female CD-1 mice/sex/dose in the diet at dose levels of
0, 1000, 5000, or 30,000 ppm (approximately equivalent to 0, 161, 835, 4945 mg/kg bw/day for
males and 0, 195, 968, and 6069 mg/kg bw/day for females) for 24 months. Cage-side and detailed
clinical observations were done. Body weight and food intake were monitored throughout the
study. Water consumption was measured during months 12 and 24. Erythrocyte, as well as total
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white cell counts and differentials, were done at months 12, 18, and 24. Tissues and organs were
collected from all mice whether dying during the study or at terminal sacrifice. Microscopic
analyses were done on all collected tissues.

No treatment-related effects were found on survival, body weight, food or water consumption, or
hematology parameters of treated male or female mice. The terminal body weight of high-dose
males was significantly decreased 9% while the absolute liver weight of high-dose males was
significantly decreased 16%; however, no significant treatment-related effects were found on the
liver-to-body-weight ratio. The absolute testes weight of high-dose male mice was increased 7%,
while the relative to body testes weight was increased 17. Neither were statistically significant, and
no microscopic histological correlates were found. The incidences of centrilobular hepatocyte
hypertrophy were slightly, but not significantly increased in high-dose male mice. Centrilobular
hepatocyte necrosis was significantly higher in high-dose males (10/50** (20%) vs. control 2/49
(4%), P<0.01). No significant increases in centrilobular hepatocyte hypertrophy or necrosis were
observed in treated female mice; however, proximal tubular epithelial basophilia was significantly
increased in high-dose females (9/50 (18%) vs control 0/50 (0%), P<0.01). No other microscopic
treatment-related effects were found. Based on increased centrilobular hepatocellular necrosis in
high-dose males and proximal tubular epithelial basophilia in high-dose females, the systemic
LOAEL for male and female CD-1 mice was 30,000 ppm (approximately 4945 mg/kg bw/day for
males and 6069 mg/kg bw/day for females). The NOAEL for the study was 835 mg/kg bw/day for
males and 968 mg/kg bw/day for females) (MRID No. 00251007).

In another carcinogenicity study (MRID No. 49631702), glyphosate (97.5-100.2% a.i.) was
administered to groups of 50 CD-1 mice/sex/dose in the diet at doses of 0, 100, 300, or 1000
mg/kg/day for 104 weeks. Mortality, body weight, body weight gain, and food consumption were
monitored throughout the study. WBC differential counts were done during Weeks 52, 77, and 102
of the study. Organ weights were measured and tissues collected for microscopic analyses.
Treatment of male and female mice for 104 weeks did not increase mortality and did not decrease
body weight, body weight gain or food consumption. No treatment-related clinical signs of toxicity
were observed and no effects were found on WBC differential counts. Treatment did increase the
absolute and relative thymus weights of male and female mice treated with 300 or 1000 mg/kg
bw/day approximately 2—3-fold, but only the results of male mice were statistically increased.
However, no treatment-related effects were found microscopically. At necropsy, the incidence of
lung masses was slightly increased in high-dose male mice, but were considered coincidental.
Microscopically, there was a slight, but statistically significant increase in mineral deposition in
the brains of mid- and high-dose male mice. A non-significant increase was observed in female
mice. Kidney cysts were also slightly but statistically increased in low- and mid-dose males, but no
increase of cortical tubular eosinophilic droplets was found in female mice. The significance of
these findings is questionable since they did not follow a dose-response. The systemic NOAEL for
glyphosate in male and female CD-1 mice treated up to 104 weeks was 1000 mg/kg bw/day. A
LOAEL was not identified (MRID No. 49631702).
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V. COMMITTEE’S ASSESSMENT OF THE WEIGHT-OF-THE-EVIDENCE

A. Evidence for Carcinogenicity in Humans

The CARC evaluated one cohort study and seven nested case-control studies based on the cohort
study population and twenty-five case-control studies that examined the association between
glyphosate exposure and one or more cancer outcomes.

1. Cancer at Multiple Sites

Several case-control studies reported no association for cancer of the oral cavity, colon, rectum,
colorectum, lung, pancreas, kidney, bladder, prostate, breast or melanoma from exposure to
glyphosate (De Roos et al., 2005; Engle et al., 2005; Lee et al., 2007; Andreotti et al., 2009; and
Dennis et al., 2010).

In single case-control studies, no associations were found for cancers of the esophagus, stomach,
prostate or soft-tissue sarcoma from exposure to glyphosate (Alavanja ef al., 2003; Lee et al.,
2004; Band ef al., 2011; Pahwa, er al., 2011; Koutros ef al., 2013). No association for childhood
cancer was found from maternal or paternal exposure to glyphosate (Flower et al., 2004).

2. Brain Cancer

A case-control study in Nebraska and the Upper Midwest Health case-control study in lowa,
Michigan, Minnesota and Wisconsin did not find any no association of glyphosate with adult brain
cancer, specifically for gliomas (Ruder ef al., 2004; Carreon et al., 2005; and Lee et al., 2005).

3. Leukemia

No significant association with leukemia was reported in a case-control study in lowa and
Minnesota (Brown ef al., 1990) or in the AHS cohort (De Roos ef al., 2005). A Swedish case-
control study reported a non-statistically significant elevated risk for hairy cell leukemia. However,
the authors stipulated that this risk should be interpreted with caution since it was based on only 4
glyphosate-exposed cases (Nordstrom et al., 1998).

4, Multiple Myeloma

No significant association for multiple myeloma from exposure to glyphosate was found in three
separate population-based case-control studies: one in [owa and Minnesota (Brown ef al., 1993)
and the other in Iowa and North Carolina, USA (De Roos et al., 2005; Sorhan 2015); and the third
study in Canada (Pahwa er a/., 2012; Kachuri ef al., 2013), and in a hospital-based case-control
study in France (Orsi ef al., 2009). A cohort study found no association with glyphosate exposure
and monoclonal gammopathy of undetermined significance, a pre-clinical marker of multiple
myeloma progression (Landgren ef al., 2009).
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S. Non-Hodgkin Lymphoma

There is conflicting evidence for an association between glyphosate exposure and NHL; seven
case-control studies reported no association in the U.S, Canada, and France, while two case-control
studies from Sweden reported positive association.

No association between glyphosate exposure and NHL was found in four population-based case-
control studies in the United States: in Iowa and Minnesota (Cantor ef al., 1992); in Iowa,
Nebraska and Minnesota (Lee ef al., 2004a); in Iowa, Nebraska, Minnesota and Kansas (De Roos
et al., 2003) and in the AHS cohort with 57,311 licensed pesticide applicators in lowa and North
Carolina (De Roos et al., 2005).

Similarly, no association between glyphosate exposure and NHL was seen in two population-based
case-control studies conducted in various Canadian provinces (McDuffie ef al., 2001; Hohenadel
etal, 2011).

A hospital based case-control study from France did not find an association between glyphosate
exposure and NHL (Orsi ef al., 2009).

The first report of an association between glyphosate exposure and NHL was in a population-based
case-control study from Sweden (OR=23.3; 95% CI=0.40-13.0); however, this finding was based
on only 4 glyphosate-exposed cases and 3 controls (Hardell and Erickson, 1999).

In a 2002 follow-up study, data from two case-control studies in Sweden, one on NHL and the
other on hairy cell leukemia, were pooled and analyzed. A univariate analysis showed an increased
risk (OR=3.04; 1.08-8.52); however, when study site, vital status, and exposure to other pesticides
were taken into account in a multivariate analysis, risk declined (OR=1.85; 95% CI=0.55-6.20)
(Hardell er al., 2002).

In another case-control study in Sweden, among the 29 glyphosate-exposed cases, a multivariate
analyses showed a statistically significantly increased risk for NHL (OR=1.51; 95% CI=0.77-2.94)
and B-cell lymphoma (OR=1.87; 95% CI=0.998-3.51) (Erickson et al., 2008).

A meta-analysis of the six studies (De Roos ef al., 2003; 2005; McDuffie ef al., 2001; Hardell et
al., 2002; Erickson et al., 2008; and Orsi ef al., 2009) that showed an association between
glyphosate exposure and NHL, resulted in a meta-risk ratio of 1.5 (95% CI=1.1-2.0) (Schinasi and
Leon, 2014).

In an attempt to address the noted power/sample size issues and after considering the adjusted
estimates of the two Swedish studies, TARC performed a meta-analysis of the data and estimated a
meta-risk ratio of 1.3 (95% CI=1.03-1.65) (IARC, 2015).
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In summary, the epidemiological evidence at this time does not support a causal relationship
between glyphosate exposure and solid tumors. There is also no evidence to support a causal
relationship between glyphosate exposure and non-solid tumors: leukemia, multiple myeloma or
Hodgkin lymphoma. The epidemiological evidence at this time is inconclusive for a causal or clear
associative relationship between glyphosate exposure and NHL. Multiple case-control studies and
one prospective cohort study found no association with NHL; whereas, results from a small
number of case-control studies (mostly in Sweden) did suggest an association. Most of the studies
in the database were underpowered, suffered from small sample size of cancer cases with
glyphosate exposure, and risk/odds ratios with large confidence intervals. Additionally, some of
the studies had biases associated with recall and missing data. The CARC recognizes the meta-
analysis conducted by IARC to try to address the power/sample size issues. However, given the
limitations of the studies used, a different weighting scheme could easily change the meta-risk
ratio. Thus, while the epidemiologic literature to date does not support causal association, the
CARC recommends that the literature continue to be monitored for studies related to glyphosate
and risk of NHL.

B. Evidence for Carcinogenicity in Experimental Animals

1. Evidence for Carcinogenicity in Rats

A total of seven chronic toxicity/carcinogenicity studies in Wistar or Sprague-Dawley strain rats
were available for review. In these studies, glyphosate was administered in the diet to both sexes at
doses ranging from 3.0 mg/kg/day to 1500 mg/kg/day for 2-years.

(i) Testes

In Sprague-Dawley rats (MRID No. 00093879), there was a non-dose-related increase in the
incidences of interstitial cell tumors in the testes of males at 3 mg/kg/day (6%), 10 mg/kg/day (2%)
and 30 mg/kg/day (12%; P=0.013) when compared to controls (0%). The CARC reaffirmed the
previous conclusion that these tumors are not treatment related based on the following
considerations: 1) lack of dose-response; 2) absence of pre-neoplastic lesions (i.e., interstitial cell
hyperplasia); 3) the incidences were within the normal biological variation seen for this tumor type
in this strain of rats; 4) the incidences in the concurrent controls (0%) was not representative of the
normal background incidences noted in the historical control animals (mean, 4.5; range, 3.4% to
6.7%:;) and 5) this finding is not replicated in the other studies in the same strain of rats (i.e., no
interstitial cell tumors were seen when tested up to 1100 mg/kg/day). The CARC concluded that
the interstitial cell tumors are not treatment-related.
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(ii) Pancreas

Benign pancreatic islet cell tumors were seen in male Sprague-Dawley rats in two studies. In the
first study (MRID No. 00093879), there was no dose response or statistical significance; the
incidences for adenomas were: 0%, 10%, 4% and 4% at the control, low, mid, and high dose
groups. Carcinomas were seen in one rat at the high dose. In the second study (MRID No.
41643801), there was a statistically significant increase in adenomas at the lowest (100 mg/kg/day)
and the highest (1000 mg/kg/day) doses compared to controls: lowest dose, 8/45 (18%; P=0.018);
intermediate dose, 5/49 (10%); and highest dose, 7/48 (15%; P=0.042) versus controls, 1/43 (2%).
The CARC reaffirmed the previous conclusion that the benign pancreatic islet cell tumors are not
treatment-related due to lack of dose-response, absence of pre-neoplastic lesions, lack of
progression to malignancy, and incidences within the historical control range (0—17%) reported for
this tumor in this strain of rats. This neoplasm was not seen in the other five studies. The CARC
concluded that the pancreatic islet tumors are not treatment-related.

(i) Liver

In male Sprague-Dawley rats (MRID No. 41643801), there was a statistically significant positive
trend in the incidence of hepatocellular adenomas (P=0.016). The CARC concluded that the
minimal increase in adenomas is not treatment-related due lack of statistical significance in
pairwise comparison, absence of pre-neoplastic lesions, no progression to malignancy, and the
incidences were within the historical control range (1.4-18.3%) of the testing laboratory.

In male Wistar rats (MRID No. 49704601), there was a statistically significant trend (P=0.00804)
and pairwise significance for the increase in hepatocellular adenomas at the highest (1214
mg/kg/day) dose compared to controls: lowest dose, 2/52 (4%); intermediate dose, 0/52 (0%); and
highest dose, 5/52 (10%; P=0.02826) versus controls, 0/52 (0%). The CARC concluded that this
increase is not attributable to treatment based on the following considerations: 1) absence of dose-
response relationship; 2) lack of progression to malignancy; 3) no evidence of pre-neoplastic
lesions; 4) the incidences were within the historical control range (0-11.5%).

The CARC noted that survival was better at the high dose (25/52; 13%) compared to the controls
(16/52; 8.3%) which could be reason for the slightly higher incidence (5/52) of age-related
background tumors like liver adenomas in the absence of any associated lesions. Furthermore, with
a weak genotoxic effect one would expect to see an effect on carcinomas (or at least adenomas/
carcinomas, combined) and shorter latency period, which were not observed in this study. With a
weak cytotoxic or mitogenic effect one would expect to see an increase in foci and other non-
neoplastic lesions. In addition, as discussed above, only a linear trend (no pairwise) was seen for
this tumor type in another strain (Sprague-Dawley) for rats where the incidences were still within
the historical control range. Also, liver tumors were not seen in the other four studies. This
provides additional evidence for lack of an actual carcinogenic response in the liver. The CARC
concluded that the liver tumors are not treatment-related.
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(iv) Thyroid

In Sprague-Dawley rats (MRID No. 41643801), there was a statistically significant positive trend
in the incidence of thyroid C-cell tumors in females (P=0.031). The CARC concluded that the
minimal increase is not treatment-related due to lack of statistical significance in pairwise
comparison, no progression to carcinomas, no increase in severity of grade or incidence of
hyperplasia, and the incidences were within the historical control range (3.3-10%). The CARC
concluded that the thyroid tumors in female rats are not treatment-related.

In summary, dietary administration of glyphosate at doses ranging from 3.0 to 1500

mg/kg/day for up to two years produced no evidence of carcinogenic response to treatment in
male or female Sprague-Dawley or Wistar rats.

2. Evidence for Carcinogenicity in Mice

Four carcinogenicity studies in CD-1 mice were available for review. In these studies, glyphosate
was administered in the diet to both sexes at doses ranging from 85 mg/kg/day to 4800 mg/kg/day
for 18-24 months. In one study there were no statistically significant or otherwise notable
increases in the occurrence of any tumor types. Tumors observed in the other three studies are
discussed below.

(i) Kidney

Kidney (renal tubular) tumors were seen in male CD-1 mice in one study (MRID No. 00251007).
The incidences of adenomas was 1/49 (2%), 0/49 (0%), 0/50 (0%), and 1/50 (2%) in the control (0O
mg/k/day), low- (157 mg/kg/day), mid- (814 mg/kg/day) and high-dose (4945 mg/kg/day) groups,
respectively. The incidence of carcinomas was 0/49 (0%), 0/49 (0%), 1/50 (2%) and 2/50 (4%) in
the control, low-, mid- and high-dose groups, respectively. The incidence of adenomas or
carcinoma (combined) was 1/49 (2%), 0/50 (0%), 1/50 (2%), and 3/50 (6%) in the control, low-,
mid-, and high-dose groups, respectively. None of these differences showed statistical significance.

The CARC reaffirmed the previous conclusion that the kidney tumors are not treatment-related
based on the following weight-of-evidence considerations: a) lack of dose-related trend or
statistical significance in pairwise comparisons; b) lack of non-neoplastic renal tubular lesions (e.g.
tubular necrosis/regeneration, hyperplasia, or basophilia); ¢) the examination of multiple sections
of kidneys from all groups resulted in no additional neoplasms; this fact is particularly important
since not only were the original sections closely scrutinized by more than one pathologist, but
additional sections as well; and d) the difference in incidence between high-dose group (3/50) and
the control group (1/49) was minimal, especially considering the very high concentration given

(4 x time the limit dose).
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Furthermore, the Pathology Work Group concluded that the renal tumors were not treatment-
related since none of the treatment groups differed from the controls for a linear trend or pairwise
statistical significance, there was no treatment-related nephrotoxic lesions including pre-neoplastic
changes, and multiple renal tumors were not seen in any animal.

In addition, the CARC noted that renal tumors were not observed when tested at a similar dose
(4348 mg/kg/day) in this strain of mice in another study(Arysta, 1997b) or in two other studies at
the limit dose (MRID No. 49631702, Nufarm, 2009b). If really treatment-related, it is unlikely that
the same tumor would not have been detected at higher incidences in CD-1 mice with top doses
>1000 — 4000 mg/kg/day.

(i) Lung adenocarcinoma

There was a dose-dependent increase in the incidence of bronchiolar-alveolar adenocarcinoma of
the lung in male CD-1 mice (Nufarm, 2009b). There was a positive trend (P=0.02906) in the
incidence of lung adenocarcinomas: 5/51 (10%), 5/51 (10%), 7/51 (14%) and 11/51 (22%) at the O,
85, 267 or 946 mg/kg/day groups, respectively. The CARC determined that this increase is not
treatment-related due to lack of statistical significance in pairwise comparison, absence of pre-
neoplastic lesions in the lung (e.g., bronchiolar-alveolar hyperplasia), and incidences in all treated
groups within the background range (1.42-26%) for this tumor in this strain and age of mice. Also,
lung tumors were not seen when tested at a comparable dose (1000 mg/kg/day) or at considerably
higher doses (4116—4945 mg/kg/day) in this strain of mice in the other three studies (MRID Nos.
00251007; 49631702; Arysta, 1997b).

(iii) Lymphoma/Lymphosarcomas

There was a dose-dependent and statistically significant increase in the incidence of malignant
lymphomas in male mice (Nufarm, 2009b). The incidence was: 0/51 (0%; trend P=0.006633), 1/51
(2%), 2/51 (4%) and 5/51 (10%; P=0.02820) at the 0, 85, 267 or 946 mg/kg/day groups,
respectively. The CARC determined that this increase is not treatment-related since the incidences
in the concurrent controls (0%) were not representative of the normal background incidences noted
in the historical controls (mean, 4.5%; range, 1.5% to 21.7%), and the apparent statistical
significance of the pairwise comparison of the high dose group with the concurrent control might
have been attributable to this factor rather than an actual carcinogenic response. Also, this
neoplasm was not seen in other studies in this strain of mice. For example, in the study by
Knezevich and Hogan 1983 (MRID No. 00251007), there was no significant difference in the
incidence of lymphomas between control and high-dose groups (P=1.00 for males, P=0.12 for
females). In the study by Atkinson ez a/. (1993) (MRID No. 496317), the incidence values in
“lymphoreticular/ hematopoietic tissue” were not significantly different between control and high-
dose groups (males: 4 in controls, 6 in high-dose group; females: 14 in controls, 13 in high-dose
group). In the Arysta 1997 study (Greim et al., 2015), the incidence of lymphoma in males was
2/50, 2/50, 0/51, 6/50 in the control, low, mid and high dose groups, respectively. There were no
statistically significant pairwise differences observed in any of these studies.
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(iv) Hemangioscarcomas

Hemangiosarcomas were seen in multiple organs including, liver, spleen, and prostate in males and
liver and uterus in female CD-1 mice (MRID No. 49631702). There was a positive trend
(P=0.00296) in the incidence of hemangiosarcomas in male mice: 0/47 (0%), 0/46 (0%), 0/50 (0%)
and 4/45 (9%) at the 0, 100, 300 and 1000 mg/kg/day groups, respectively. The hemangiosarcomas
were present in the liver, spleen or prostate in the high dose males. In females, this neoplasm was
seen in one female at the low dose (uterus) and in one high dose (spleen). The CARC did not
consider the hemangiosarcomas in males to be treatment-related based on the following
considerations: 1) there was no pairwise significance; 2) lack of dose-response; 3) the incidence
was near the upper limit (0—8%) of the background rate at the performing laboratory;

4) hemangiosarcomas are commonly observed in mice as spontaneous tumors and are generally
more common in males in CD-1 strain mice; 5) there was not a significant increase in
hemangiosarcomas seen in the other three mouse studies; and 6) if really treatment-related, it is
unlikely that the same tumor would not have been detected at higher incidences in CD-1 mice with
top doses >1000-4000 mg/kg/day.

In summary, dietary administration of glyphosate at doses ranging from 85 to 4945
mg/kg/day for up to two years produced no evidence of carcinogenic response to treatment in
male or female CD-1 mice.

C. Discussion

When determining the carcinogenic potential of chemicals, the IARC identifies a cancer “hazard”
if an agent (e.g., chemical) is capable of causing cancer under some circumstance and the agent is
termed “carcinogenic” if it is capable of increasing the incidence of malignant neoplasms, reducing
their latency, or increasing their severity or multiplicity. The IARC also considers that there is
“sufficient evidence of carcinogenicity” based on the occurrence of increased tumors (benign,
malignant, or combination) in: 1) two or more species of animals; 2) two or more independent
studies in one species; and/or 3) an increased incidence of tumors in both sexes of a single species.
Furthermore, a single study in one species and sex might be considered to provide sufficient
evidence of carcinogenicity when malignant neoplasms occur to an unusual degree with regard to
incidence, site, type of tumor or age at onset, or when there are strong findings of tumors at
multiple sites (IARC Preamble, 2006).

In March 2015, the IARC evaluated the carcinogenic potential of glyphosate. The IARC
determined that there was a positive trend in the incidence of a rare tumor type, renal tubular
carcinoma and renal tubule adenoma or carcinoma (combined) in males in one feeding study in
CD-1 mice. A second study reported a positive trend for hemangiosarcomas in male CD-1 mice.
Thus, in accordance with one of the preamble criteria, “the occurrence of tumors in two studies in
one species,” IARC determined that there is “sufficient evidence” in experimental animals for the
carcinogenicity of glyphosate (IARC, 2015).
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In contrast, the USEPA’s carcinogenicity classification is based on weight-of-evidence
considerations in accordance with the agency’s 2005 Guidelines for Carcinogen Risk Assessment.
The cancer guideline emphasizes the importance of weighing all of the evidence in reaching
conclusions about the human carcinogenic potential of agents. This evaluation is accomplished in a
single integrative step after assessing all of the individual lines of evidence. Evidence considered
includes tumor findings, or lack thereof, in humans and laboratory animals; an agent’s chemical
and physical properties; its structure-activity relationships (SARs) as compared with other
carcinogenic agents; and studies addressing potential carcinogenic processes and mode(s) of
action, either in vivo or in vitro. Data from epidemiological studies are generally preferred for
characterizing human cancer hazard and risk. However, all of the information discussed above
could provide valuable insight into the possible mode(s) of action and likelihood of human cancer
hazard and risk (USEPA, 2005).

Conclusions for evidence of carcinogenicity are based on the combined strength and coherence of
inferences appropriately drawn from all of the available information. The following observations
add significance to the tumor findings: tumors in multiple species, strains, or both sexes; dose-
related increases; progression of lesions from pre-neoplastic to benign to malignant; proportion of
malignant tumors; reduced latency of neoplastic lesions; and both biological and statistical
significance of the findings (USEPA, 2005).

The TARC attributed the kidney tumors observed in male CD-1 mice at the high dose in the
feeding study (MRID No. 00251007) to treatment since they are rare and there was borderline
significance in trend test (P=0.034 for carcinoma and P=0.037 for combined adenoma or
carcinoma) in a Cochran-Armitage trend test. However, as shown in Table 14, the agency’s
statistical analyses did not show a significant trend for either carcinoma (P=0.06345) or the
combined adenoma or carcinoma (P=0.06483). In a Fisher’s exact test, when compared to the
concurrent control, there was no pairwise significance for any tumor type (adenoma, carcinoma, or
combined). There were no pre-neoplastic renal tubular lesions such as tubular necrosis/
regeneration, hyperplasia or hypertrophy, despite a high dose level (4945 mg/kg/day) that was
approximately 5-fold higher than the limit dose (1000 mg/kg/day) recommended by the agency’s
guidelines. Examination of multiple sections of kidneys from all animals by more than one
pathologist did not result in any additional neoplasms. Although the highest dose tested (4945
mg/kg/day) was approximately 5-fold higher than the limit dose (1000 mg/kg/day) recommended
by the agency’s guideline, the incidence of the kidney tumors was minimal (1/50 adenomas and
2/50 carcinomas) compared to controls (1/49 adenomas). An evaluation by the PWG concluded
that the renal tumors are not treatment-related since there were no compound related nephrotoxic
lesions, including pre-neoplastic changes, multiple tumors were not found in any animals, and
there was no evidence of a significant linear trend at the 0.5 level in a one-tailed Cochran-
Armitage test or pairwise significance in a Fisher’s exact test. Furthermore, kidney tumors were
not seen when tested at lower (85 to 1000 mg/kg/day) doses or at a comparable (4116 mg/kg/day)
dose in this strain of mice in the other three studies. Thus, the totality of data available from 4
carcinogenicity studies provides a strong support for the conclusion that the kidney tumors seen in
one study is not the result of a carcinogenic response to glyphosate.
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The TARC attributed the hemangiosarcomas observed in male CD-1 mice at the high dose in
separate feeding study (MRID No. 49631702) to treatment due to the positive trend (P<0.001) in a
Cochran-Armitage trend test. As shown in Table 16, the agency’s statistical analyses also showed
a positive trend (P=0.00296) in the trend test. In the Fisher’s exact test, there was no pairwise
significance when compared to controls. In contrast with the IARC, the CARC did not consider the
hemangiosarcomas to be treatment-related based on the following weight-of-evidence
considerations: 1) there was no pairwise significance; 2) lack of dose-response; 3) the incidence
was near the upper limit (0-8%) of the background rate at the performing laboratory;

4) hemangiosarcomas are commonly observed as spontaneous tumors in male CD-1 strain mice;
and 5) hemangiosarcomas were not seen when tested at comparable doses (946—1467 mg/kg/day)
or at considerably higher doses (4116—4945 mg/kg/day) in this strain of mice in the other studies
(MRID No0.00251007, Arysta, 1997b, Nufarm, 2009b). It is noted that JMPR in their evaluation
also concluded that the hemangiosarcomas are not treatment-related owing to lack of dose-
response relationship, lack of statistical significance and incidences within the historical control
range (JMPR, 2004).

Hemangiosarcomas have similar histopathological features in rodents and humans but differ in
both incidence and tissue site. In human populations, hemangiosarcomas have an incidence rate of
approximately 0.2 new cases/100,000 people (0.0002%) (1996-2000, US National Cancer
Institute—SEER Database) and account for <1% of all human sarcomas. The historical background
incidence of hemangiosarcomas in B6C3F1 and CD-1 mice relative to the incidence rate in
humans has thus been estimated to be approximately 10,000-fold higher than in people (Pegg ef
al., 2012). The most common sites for spontaneous hemangiosarcomas in rodents are liver, spleen,
bone marrow, and to a lesser extent in lymph nodes and skin (see references in Pegg ef al. (2012).
In male mice, liver and spleen tend to be the most common sites. Human hemangiosarcoma is
most commonly reported in skin (Weiss ef al., 2001). Primary liver hemangiosarcoma in humans
has been linked to chemical exposure, notably thorotrast and vinyl chloride, which are both
considered genotoxic carcinogens. There are several examples of induction of hemangiosarcomas
by non-genotoxic agents in mice, but no clear examples of hemangiosarcoma induction by non-
genotoxic agents in human populations (Cohen et al., 2009). Several studies have looked at
potential mode of action (MOA) for these tumors in mice in response to various drugs or
chemicals. These MOAs generally relate to hypoxia or vascular toxicity as early key events.

1. Mutagenicity

Glyphosate was not mutagenic in bacteria or mammalian cells in vitro. Additionally, glyphosate
did not induce chromosomal aberrations in vitro. Although some studies in the open literature
reported positive findings for micronuclei induction in rodents, these findings were not replicated
in the majority of the rodent micronucleus assay studies. There is no convincing evidence that the
DNA damage is a direct effect of glyphosate, but under some conditions may be secondary to
cytotoxicity or oxidative damage. Furthermore, the chemical structure of glyphosate, with its
absence of alkyl groups also provides SAR support for the lack of mutagenic/genotoxic potential.
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IARC concluded that “there is strong evidence that exposure to glyphosate or glyphosate-based
formulations is genotoxic”; however, the IARC analysis included studies that tested glyphosate-
formulated products as well as studies where the test material was not well-characterized (i.e., no
purity information was provided). The CARC did not include such studies in their evaluation.
The TARC analysis also focused on DNA damage as an endpoint (e.g., comet assay); however,
DNA damage is often reversible and can result from events that are secondary to toxicity
(cytotoxicity), as opposed to permanent DNA changes which are detected in tests for mutations
and chromosomal damage (e.g. chromosomal aberrations or micronuclei induction). The studies
that IARC cited, where positive findings were reported for chromosomal damage, had study
limitations confounding the interpretation of the results. In addition, these positive findings were
not reproduced in other guideline or guideline-like studies evaluating the same endpoints. This
includes many negative studies cited by Kier and Kirkland (2013) that were considered by CARC,
but were not included in the [ARC decision.

2. Structure Activity Relationship

Sulfosate (the trimethylsulfonium salt of glyphosate) is classified as a Group E Chemical: “Not Likely
to be Carcinogenic to Humans,” based on the lack of evidence of carcinogenicity in mice and rats in
two acceptable studies, and absence of mutagenicity concern.

VI. CLASSIFICATION OF CARCINOGENIC POTENTIAL

In accordance with the 2005 Guidelines for Carcinogen Risk Assessment, glyphosate is classified
as “Not Likely to be Carcinogenic to Humans.” This classification is based on the following
weight-of-evidence considerations:

I The epidemiological evidence at this time does not support a causal relationship between
glyphosate exposure and solid tumors. There is also no evidence to support a causal
relationship between glyphosate exposure and the following non-solid tumors: leukemia,
multiple myeloma, or Hodgkin lymphoma. The epidemiological evidence at this time is
inconclusive for a causal or clear associative relationship between glyphosate and NHL.
Multiple case-control studies and one prospective cohort study found no association;
whereas, results from a small number of case-control studies (mostly in Sweden) did
suggest an association. Limitations for most of these studies include small sample size,
limited power, risk ratios with large confidence intervals, and recall bias as well as missing
data. The literature will continue to be monitored for studies related to glyphosate and risk
of NHL.

7 In experimental animals, there is no evidence for carcinogenicity. Dietary administration of
glyphosate at doses ranging from 3.0 to 1500 mg/kg/day for up to two years produced no
evidence of carcinogenic response to treatment in seven separate studies with male or
female Sprague-Dawley or Wistar rats. Similarly, dietary administration of glyphosate at
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doses ranging from 85 to 4945 mg/kg/day for up to two years produced no evidence of
carcinogenic response to treatment in four separate studies with male or female CD-1 mice.
The CARC did not consider any of the observed tumors in 11 carcinogenicity studies in
rats and mice to be treatment-related since the observed tumors did not exhibit a clear dose-
response relationship, were not supported pre-neoplastic changes (e.g., foci, hypertrophy,
and hyperplasia), were not statistically significant on pairwise statistical analysis, and/or
were within the range of the historical control data.

_ Based on a weight of evidence approach from a wide range of assays both in vitro and in
vivo including endpoints for gene mutation, chromosomal damage, DNA damage and
repair, there is no in vivo genotoxic or mutagenic concern for glyphosate.

VII. QUANTIFICATION OF CARCINOGENIC POTENTIAL
Not required.
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EPA Panel Finds Glyphosate Not
Cancer

kely to Cause

From Daily Environment Report™

By David Schultz

May 2 — Glyphosate, a weed killer developed by Monsanto that is now the most widely used
pesticide in the U.S., likely does not cause cancer, according to an Environmental Protection
Agency review panel.

The EPA's Cancer Assessment Review Committee made the determination after analyzing
several dozen published and unpublished scientific studies of the chemical. The committee
finalized its report on Oct. 1, 2015, but did not release it to the public until late April, when the
agency inadvertently posted the report online.

The report's findings disagree with a 2015 review of glyphosate by the World Health
Organization's International Agency for Research on Cancer (IARC), which found that the
pesticide is a “probable carcinogen” (59 DEN A-10, 3/27/15).

WHO's Findings Disputed

The EPA cancer review commitiee, led by staffers from the Health Effects Division of the
agency's Office of Pesticide Programs, poked a number of holes in the methodology used by
IARC for its review of glyphosate, which is the active ingredient in Monsanto's Roundup
herbicide as well as hundreds of other products made by dozens of other companies.

For example, the EPA report noted that the IARC scientists disregarded several studies on the
effects of exposure to glyphosate because these studies showed no positive resulls. The EPA
report also said the studies IARC chose to include in its review had significant limitations.
Release of the IARC finding on glyphosate had serious negative consequences for the
agricultural chemical industry.

It was the basis for a decision by California to require all products containing glyphosate to be
listed as carcinogenic, a decision that Monsanto is challenging in court (173 DEN A-6, 9/8/15).
The IARC finding also led to numerous product liability lawsuits against Monsanto from people
arguing that exposure to the company’s pesticide was the cause of their ilinesses (230 DEN A-9,
12/1/15).

Monsanto Statement

“No pesticide regulator in the world considers glyphosate to be a carcinogen, and this
conclusion by the U.S. EPA once again reinforces this important fact,” Monsanto CEO Hugh
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Grant said in a statement. “Unfortunately, last year's inconsistent classification by IARC
generated unwarranted concern and confusion about this important agricultural tool.”

The IARC did not immediately respond to requests from Bloomberg BNA for comment.

The EPA review committee's findings are part of a broader look by the agency at the overall
health and environmental effects of glyphosate as a part of its registration review program,
which conducts risk reviews of every pesticide chemical once every 15 years.

If the EPA determines that the science shows that the way glyphosate is being used now
exceeds acceptable risks, it can enact use restrictions on the chemical or take it off the market
altogether.

Report Posted April 29

The EPA posted the cancer review committee’s report April 29, along with more than a dozen
other glyphosate-related documents, to Regulations.gov, an online document repository for
federal agencies.

Then, after the report had been widely spread on social media, the cancer review commitiee's
report and the other documents were removed from the EPA website on the afternoon of May 2.
“Preliminary glyphosate documents were inadvertently posted to the Agency’s docket,” EPA
spokeswoman Melissa Harrison told Bloomberg BNA via e-mall. “These documents have now
been taken down because our assessment is not final”

Label Changes?

Some of the other documents the EPA briefly made public pertained to two meetings pesticide
regulators held with Monsanto representatives in the year after the IARC review was published.
A slide presentation made at one of these meetings by Monsanto representatives indicated the
company may be willing to make voluntary changes to the labels of its glyphosate products to
address concerns that they're harming the habitats of certain pollinating insects, including the
monarch butterfly.

This document, along with summaries of the discussions during the company's two meetings
with EPA pesticide regulators, were among those removed from Regulations.gov.

To contact the reporter on this story: David Schultz in Washington atdschultz@bna.com

To contact the editor responsible for this story: Larry Pearl atlpeari@bna.com

For More Information

A copy of the EPA's Cancer Assessment Review Committee report on glyphosate is available at
hitp://src.bna.com/eAi.

A brief summary of EPA's meeting March 30, 2015, with Monsanto representatives is available
at hitp://src.bna.com/eBJ.

A brief summary of EPA's meeting June 4, 2015, with Monsanto representatives is available at
http://src.bna.com/eBL.

A copy of the slide presentation Monsanto representatives made for EPA pesticide regulators
last year is available athtip://src.bna.com/eBx.

Melissa J. Harrison

Press Secretary
U.S. Environmental Protection Agency
Office: (202) 564-8421

Mobile: (202) 697-0208
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To: Harrison, Melissa[Harrison.Melissa@epa.govl; Milbourn, Cathy[Milbourn.Cathy@epa.gov};
Strauss, Linda[Strauss.Linda@epa.gov}

Cc: Jones, Jim[Jones.Jim@epa.gov]

From: Conger, Nick

Sent: Tue 5/3/2016 1:10:06 PM

Subject: RE: Options on BNA story?

Ex. 5 - Deliberative Process

Nick Conger
U.S. Environmental Protection Agency
Office: (202) 564-6287

Cell: (202) 412-2655

From: Harrison, Meclissa

Sent: Tuesday, May 03, 2016 9:01 AM

To: Milbourn, Cathy ; Strauss, Linda ; Conger, Nick
Cec: Jones, Jim

Subject: Options on BNA story?

Ex. 5 - Deliberative Process

http//www bna.com/epa-panel-finds-n57982070575/

EPA Panel Finds Glyphosate Not |
Cancer

kely to Cause

From Dailv Environment Report™

By David Schultz

May 2 — Glyphosate, a weed killer developed by Monsanto that is now the most widely used
pesticide in the U.S., likely does not cause cancer, according to an Environmental Protection
Agency review panel.

The EPA's Cancer Assessment Review Committee made the determination after analyzing
several dozen published and unpublished scientific studies of the chemical. The commitiee
finalized its report on Oct. 1, 2015, but did not release it to the public until late April, when the
agency inadvertently posted the report online.

The report's findings disagree with a 2015 review of glyphosate by the World Health
Organization's International Agency for Research on Cancer (IARC), which found that the
pesticide is a “probable carcinogen” (59 DEN A-10, 3/27/15).

WHO's Findings Disputed
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The EPA cancer review committee, led by staffers from the Health Effects Division of the
agency's Office of Pesticide Programs, poked a number of holes in the methodology used by
IARC for its review of glyphosate, which is the active ingredient in Monsanto's Roundup
herbicide as well as hundreds of other products made by dozens of other companies.

For example, the EPA report noted that the IARC scientists disregarded several studies on the
effects of exposure to glyphosate because these studies showed no positive results. The EPA
report also said the studies IARC chose to include in its review had significant limitations.
Release of the IARC finding on glyphosate had serious negative consequences for the
agricultural chemical industry.

It was the basis for a decision by California to require all products containing glyphosate to be
listed as carcinogenic, a decision that Monsanto is challenging in court (173 DEN A-6, 9/8/15).
The IARC finding also led to numerous product liability lawsuits against Monsanto from people
arguing that exposure to the company’s pesticide was the cause of their ilinesses (230 DEN A-9,
12/1/15).

Monsanto Statement

“No pesticide regulator in the world considers glyphosate to be a carcinogen, and this
conclusion by the U.S. EPA once again reinforces this important fact,” Monsanto CEO Hugh
Grant said in a statement. “Unfortunately, last year’s inconsistent classification by IARC
generated unwarranted concern and confusion about this important agricultural tool.”

The IARC did not immediately respond to requests from Bloomberg BNA for comment.

The EPA review committee’s findings are part of a broader look by the agency at the overall
health and environmental effects of glyphosate as a part of its registration review program,
which conducts risk reviews of every pesticide chemical once every 15 years.

If the EPA determines that the science shows that the way glyphosate is being used now
exceeds acceptable risks, it can enact use restrictions on the chemical or take it off the market
altogether.

Report Posted April 29

The EPA posted the cancer review committee’s report April 29, along with more than a dozen
other glyphosate-related documents, to Regulations.gov, an online document repository for
federal agencies.

Then, after the report had been widely spread on social media, the cancer review commitiee's
report and the other documents were removed from the EPA website on the afternoon of May 2.
“Preliminary glyphosate documents were inadvertently posted to the Agency’s docket,” EPA
spokeswoman Melissa Harrison told Bloomberg BNA via e-mall. “These documents have now
been taken down because our assessment is not final”

Label Changes?

Some of the other documents the EPA briefly made public pertained to two meetings pesticide
regulators held with Monsanto representatives in the year after the IARC review was published.
A slide presentation made at one of these meetings by Monsanto representatives indicated the
company may be willing to make voluntary changes to the labels of its glyphosate products to
address concerns that they're harming the habitats of certain pollinating insects, including the
monarch butterfly.

This document, along with summaries of the discussions during the company's two meetings
with EPA pesticide regulators, were among those removed from Regulations.gov.

To contact the reporter on this story: David Schultz in Washington atdschultz@bna.com

To contact the editor responsible for this story: Larry Pearl atlpeari@bna.com

For More Information
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A copy of the EPA’s Cancer Assessment Review Committee report on glyphosate is available at
hitp://src.bna.com/eAl.

A brief summary of EPA's meeting March 30, 2015, with Monsanto representatives is available
at hitp://src.bna.com/eBJ.

A brief summary of EPA's meeting June 4, 2015, with Monsanto representatives is available at
http://src.bna.com/eBL.

A copy of the slide presentation Monsanto representatives made for EPA pesticide regulators
last year is available athtip://src.bna.com/eBx.

Melissa J. Harrison

Press Secretary

U.S. Environmental Protection Agency
Office: (202) 564-8421

Mobile: (202) 697-0208

Harrison Melissa@epa.gov
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To: Jones, Jim[Jones.Jim@epa.gov]; Wise, Louise[Wise.Louise@epa.gov}; Mojica,
Andrea[Mojica.andrea@epa.gov]}

From: Strauss, Linda

Sent: Tue 5/3/2016 3:33:52 PM

Subject: glyphosate docket news

carcinogenic

CattleNetwork.com -
13

minutes

ago

The 86-
page
report,
seen

by
Reuters
and
published
on

Friday
on the
regulations.gov
website
that

the

EPA
manages,
was

from

the
EPA's
cancer
assessment

EPAHQ_0006116



review
committee
(CARC).

It

found

that
glyphosate,
the

active
ingredient
in the
world's
mostly
widely

EPA

Quickly
Takes

Study
Offline

Showing
No_

Evidence

Weed
Killer

Causes
Cancer

Daily
Caller -
49
minutes
ago

The
CARC
study
ripped
offline

by

EPA,
however,
rebutted
IARC's
conclusions,
saying
they
were
based
on
flawed

EPAHQ_0006117



studies,
some

of

which
weren't
even
reproduced
by

other
scientists.
CARC
ultimately
ruled
glyphosate
is “not
likely

to be
carcinogenic
in..

EPA
Takes
Down

Report
Saying
Glyphosate
Not
Carcinogenic

KTIC -
1 hour
ago

The 86-
page
report,
seen

by
Reuters
and
published
on

Friday
on the
regulations.gov
website
that

the

EPA
manages,
was

from

the

EPAHQ_0006118



EPA's
cancer
assessment
review
committee
(CARC).

it

found

that
glyphosate,
the

active
ingredient

in the
world's
mostly
widely

EPA's
glyphosate
cancer
finding
not

ready
for

primetime

Politico -
1 hour
ago

EPA'S
GLYPHOSATE
CANCER
FINDING
NOT
READY
FOR
PRIMETIME:
The

EPA

has

made

a
preliminary
finding

that
glyphosate
is

unlikely

to

cause

EPAHQ_0006119



carcinogenic

to
humans'

Farm
Futures -
1 hour
ago

This
determination
is the
published
conclusion
of

EPA's
Cancer
Assessment
Review
Committee
(CARC)

and is
based

on the
overwhelming
weight

of

evidence

on
glyphosate.
EPAs

EPAHQ_0006120



Cancer
Assessment
Review
Committee
did not
find a
causal
relationship

carcinogenic

AG
Week -
1 hour
ago

The 86-
page
report,
seen

by
Reuters
and
published
on
Friday
on the
regulations.gov
website
that

the

EPA
manages,
was
from

the
EPA's
cancer

EPAHQ_0006121



assessment
review
committee
(CARC).

it

found

that
glyphosate,
the

active
ingredient

Bloomberg
BNA -

w

hours
ago

Glyphosate,
a weed
killer
developed
by
Monsanto
thatis
now

the

most
widely
used
pesticide
in the
u.s,,

likely

does

not

EPAHQ_0006122



cause
cancer,
according

{o an
Environmental
Protection
Agency
review

panel.

The

EPA's

Cancer
Assessment

carcinogenic

EconomyNext -
10

regulations.gov
website

that

the

EPA

manages,

was

from

the

EPAHQ_0006123



EPA's
cancer
assessment
review
committee
(CARC).

it

found

that
glyphosate,
the

active
ingredient

in the
world's
mostly
widely

carcinogenic

Business
insider -
12
hours
ago

The 86-
page
report,
seen

by
Reuters
and
published
on
Friday

EPAHQ_0006124



on the
regulations.gov
website

that

the

EPA
manages,
was

from

the

EPA's
cancer
assessment
review
committee
(CARC).

it

found

that
glyphosate,
the

active
ingredient

in the
world's
mostly
widely

carcinogenic

STLloday.com -
11

hours

ago

The 86-

EPAHQ_0006125



page
report,

seen

by

Reuters

and
published
on

Friday

on the
regulations.gov
website

that

the

EPA
manages,
was

from

the

EPA's
cancer
assessment
review
committee
(CARC).

it

found

that
glyphosate,
the

active
ingredient

in the
world's
mostly
widely

What
is

Going

On_

With
Glyphosate?
EPA's

Odd
Handling

of
Controversial

Chemical

.S,
Right

EPAHQ_0006126



to

Know
{press
release)
(blog) -
11
hours
ago

On

Friday,
April

29, the
EPA
posted

on its
website

a

series

of
documents
related
foits

long-
awaited
risk
assessment
for
glyphosate,
the

active
ingredient
in
Monsanto's
Roundup
herbicide
and

other
weed-
killing
products
sold
around

the

world.

The

EPAHQ_0006127



glyphosate
not

likel
carcinogenic

Town
Hall -
14
hours
ago

The 86-
page
report,
seen

by
Reuters
and
published
on

Friday

on the
regulations.gov
website
that

the

EPA
manages,
was

from

the

EPA's
cancer
assessment
review
committee
(CARC).

it

found

that
glyphosate,
the

active
ingredient
in the
world's
mostly
widely

m

P4
takes
offline

EPAHQ_0006128



carcinogenic

EconomyNext -
14
hours

regulations.gov
website

that

the

EPA
manages,
was

from

the

EPA's
cancer
assessment
review
committee
(CARC).

it

found

that
glyphosate,
the

active
ingredient

in the
world's
mostly
widely

EPAHQ_0006129



carcinogenic

EconomyNext -
14

regulations.gov
website

that

the

EPA
manages,
was

from

the

EPA's
cancer
assessment
review
committee
(CARC).

it

found

that
glyphosate,
the

active
ingredient

in the
world's
mostly
widely

EPAHQ_0006130



Glyphosate?
EPA's

Odd
Handling

of
Controversial

Chemical

Huffington
Post -

14

hours

ago

On

Friday,
April

29, the
EPA
posted

on its
website

a

series

of
documents
related
foits

long-
awaited
risk
assessment
for
glyphosate,
the

active
ingredient
in
Monsanto's

EPAHQ_0006131



Roundup
herbicide
and
other
weed-
killing
products
sold
around
the
world.
The

risk ...

carcinogenic

Channel
News
Asia -
14
hours
ago

The

U.s.
Environmental
Protection
Agency

on

Monday
pulled

a

report
offline

that
concluded
glyphosate

EPAHQ_0006132



is not
likely

to be
carcinogenic
fo
humans,
saying
the
document
was
inadvertently
published
and

the
agency
had

not
finished
its

review

of the
chemical,

EPA
takes
offline
report
that
says

glyphosate
not

likeld
carcinogenic

Reuters
LK -

14
hours
ago

The 86-
page
report,
seen
by
Reuters

EPAHQ_0006133



and
published
on

Friday

on the
regulations.gov
website
that

the

EPA
manages,
was

from

the

EPA's
cancer
assessment
review
committee
(CARC).

it

found

that
glyphosate,
the

active
ingredient
in the
world's
mostly
widely

carcinogenic

WHTC -
14
hours
ago

CHICAGO
(Reuters) -
The
U.s.

EPAHQ_0006134



Environmental
Protection
Agency

on

Monday
pulled

a

report
offline

that
concluded
glyphosate
is not

likely

to be
carcinogenic
fo

humans,
saying

the
document
was
inadvertently
published
and

the

agency
had
not
finished
its ...

carcinogenic

Reuters -
14

hours
ago

EPAHQ_0006135



The 86-
page
report,
seen

by
Reuters
and
published
on

Friday

on the
regulations.gov
website
that

the

EPA
manages,
was

from

the

EPA's
cancer
assessment
review
committee
(CARC).

it

found

that
glyphosate,
the

active
ingredient
in the
world's
mostly
widely

says
glyphosate

EPAHQ_0006136



carcinogenic

Reuters -
14

hours
ago

The 86-
page
report,
seen

by
Reuters
and
published
on

Friday

on the
regulations.gov
website
that

the

EPA
manages,
was

from

the

EPA's
cancer
assessment
review
committee
(CARC).

it

found

that
glyphosate,
the

active
ingredient
in the
world's
mostly
widely

EPAHQ_0006137



glyphosate
not

likel
carcinogenic

WHEBL
Sheboygan -
14

hours

ago

CHICAGO
(Reuters) -
The

U.s.
Environmental
Protection
Agency

on

Monday
pulled

a

report
offline

that
concluded
glyphosate
is not

likely

to be
carcinogenic
fo

humans,
saying

the
document
was
inadvertently
published
and

the

agency
had

offline

report
that

EPAHQ_0006138



glyphosate
not

likel
carcinogenic

KFGO -
14
hours
ago

CHICAGO
(Reuters) -
The

U.s.
Environmental
Protection
Agency

on

Monday
pulled

a

report

offline

that
concluded
glyphosate
is not

likely

to be
carcinogenic
fo

humans,
saying

the
document
was
inadvertently
published

EPAHQ_0006139



glyphosate
not

likel

carcinogenic

KDAL -
14
hours
ago

CHICAGO
(Reuters) -
The

U.s.
Environmental
Protection
Agency

on

Monday
pulled

a

report
offline

that
concluded
glyphosate
is not

likely

to be
carcinogenic
fo

humans,
saying

the
document
was
inadvertently
published
and

the

agency
had

says
glyphosate

EPAHQ_0006140



CHICAGO,
May 2
(Reuters) -
The

U.s.
Environmental
Protection
Agency

on

Monday
pulled

a

report

offline

that
concluded
glyphosate
is not

likely

to be
carcinogenic
fo

humans,
saying

the
document
was
inadvertently
published

EPAHQ_0006141



glyphosate
not

likel
carcinogenic

Daily
Mail -
14
hours
ago

The 86-
page
report,
seen

by
Reuters
and
published
on

Friday

on the
regulations.gov
website
that

the

EPA
manages,
was

from

the

EPA's
cancer
assessment
review
committee
(CARC).

it

found

that
glyphosate,
the

active
ingredient
in the
world's
mostly
widely

m

P4
takes
offline

EPAHQ_0006142



report
that
says

glyphosate
not

likel
carcinogenic

Reuters
Africa -
14
hours
ago

CHICAGO
May 2
(Reuters) -
The

U.s.
Environmental
Protection
Agency

on

Monday
pulled

a

report
offline

that
concluded
glyphosate
is not

likely

to be
carcinogenic
fo

humans,
saying

the
document
was
inadvertently
published
and

the

agency

EPAHQ_0006143



carcinogenic

Reuters -
14
hours

regulations.gov
website

that

the

EPA
manages,
was

from

the

EPA's
cancer
assessment
review
committee
(CARC).

it

found

that
glyphosate,
the

active
ingredient

in the
world's
mostly
widely

EPAHQ_0006144



carcinogenic

Thomson
Reuters
Foundation -

Reuters

and
published
on

Friday

on the
regulations.gov
website

that

the

EPA
manages,
was

from

the

EPA's
cancer
assessment
review
committee
(CARC).

it

found

that
glyphosate,
the

active
ingredient

in the
world's

EPAHQ_0006145



mostly
widely

Once
Again,
EPA
Concludes

That

Glyphosate
Does

Not
Cause
Cancer

Digital
Journal -
18

hours
ago

ST.

LOUIS--
(Business
Wire)--

As part
ofits
ongoing
registration
review

of the
herbicide
glyphosate,
the

U.s.
Environmental
Protection
Agency
(EPA)

has
published

its

official
classification
of
glyphosate
as “Not
Likely

to be
Carcinogenic
fo

Humans.

EPAHQ_0006146



Once_
Again,
EPA
Concludes

That

Glyphosate
Does

Not
Cause
Cancer

Business
Wire
{press
release) -
18

hours
ago

ST.

LOUIS--
(BUSINESS
WIRE)--

As part
ofiits
ongoing
registration
review

of the
herbicide
glyphosate,
the

U.s.
Environmental
Protection
Agency
(EPA)

has
published

its

official
classification
of
glyphosate
as “Not
Likely

to be
Carcinogenic
fo

Humans.
1Z2Next

EPAHQ_0006147



The selection and placement of stories on this page were determined automatically by a computer program.

EPAHQ_0006148



To: Jones, Jim[Jones.Jim@epa.gov]

From: Chris Portier

Sent: Wed 5/4/2016 11:38:18 AM

Subject: Fwd: glyphosate: POLITICO on EPA report
555591,

FYL

Subject: glyphosate: POLITICO on EPA report

GLYPHOSATE STORM’S A-BREWIN’: The U.S. Environmental Protection
Agency has made a preliminary finding that glyphosate is unlikely to cause
cancer in humans — but the agency isn’t ready to go public yet. The EPA
briefly posted online an October 2015 final report from its Cancer
Assessment Review Committee, which concluded glyphosate is “not likely to
be carcinogenic to humans.” It then pulled it from its website. The committee
said evidence from existing epidemiological studies and tests of lab animals
doesn’t meet the bar for classifying the herbicide as a carcinogen. An agency
spokesperson told POLITICO the report was removed because assessment
was ongoing. “Our assessment will be peer reviewed and completed by end
of 2016,” said the spokesperson.

— Why this matters for the EU: A political scrum over what to do about
glyphosate is underway in the EU. Parliament voted to extend the chemical’s
authorization for seven years, the Commission is pushing for 10, but the real

decision comes in a Plant, Animal, Food and Feed Committee meeting on
May 18-19. Advocates for banning glyphosate altogether cite a March 2015
study by International Agency for Research on Cancer, which said it caused
cancer. Glyphosate’s political supporters cite a November study with the
opposite conclusions. This latter group might now have another study in
their arsenal — and from a reputable U.S. government agency. “In line with
the 90,000 pages, and 3,300 studies already published in support of the
reapproval of glyphosate, the EPA report casts yet more doubt on the
conclusions of IARC,” a spokesperson for the European Crop Protection

Association told Morning Agri. Greenpeace EU, which opposes using

glyphosate as long as there is no scientific consensus, told Morning Agri it
had not yet read the study and so couldn’t comment. More:
http://reut.rs/23mbx¥Yf.
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To: Jones, Jim[Jones.Jim@epa.govl]; Burke, Thomas[Burke.Thomas@epa.gov}
Cc: Mitchell, Stacey[Mitchell. Stacey@epa.gov]}

From: Distefano, Nichole

Sent: Wed 5/4/2016 6:12:59 PM

Subject: FW: Letter to Administrator McCarthy

05.04.06 SST Letter to Administrator McCarthy re CARC .pdf

;(i);versight letter on glyphosate. We’ll be putting together a meeting to discuss. Let me know who
from your offices should attend.

Nichole Distefano

Associate Administrator

Office of Congressional and Intergovernmental Relations

Environmental Protection Agency

(202) 564-5200

Distefano.Nichole(@epa.gov
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LAMAR 8. SMITH, Texas EDDIE BERNICE JOHNEON, Texas
CHAIRMAN RANKING MEMBER

Congress of the Wnited Dtates
Howse of Representatioes.

- COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY
2321 RaysuRrN House OFFICE BUILDING
WasHiNGTON, DC 205156301
{202) 225-6371

www.sclence house.gov

May 4, 2016

The Honorable Gina McCarthy
Administrator

U.S. Environmental Protection Agency
1200 Penngylvania Avenue, NW
Washington, D.C. 20460

Dear Administrator McCatthy:

The Committee on Science, Space, and Technology is conducting oversight of U.S.
Environmental Protection Agency’s (EPA) risk analysis prepared by the Cancer Assessment
Review Committee (CARC). According to recent media reports, on April 29, 2016, EPA posted
what ap1pears to be the final risk assessment for glyphosate prepared by CARC (the CARC
report).” The CARC report indicates that glyphosate is “Not Likely to be Carcinogenic to
Humans.™ Press reports indicate that EPA removed this document on May 2, 2016.”
Subsequently, EPA has asserted that the analysis of glyphosate is not final and that the
documents were posted “inadvertenﬂy,”“

The Committee has reviewed the CARC report and point out that it is clearly marked as a
“Final Report.” The report also contains the signatures of thirteen members of CARC.®
However, EPA’s removal of this report and the subsequent backtracking on its finality raises
questions about the agency’s motivation in providing a fair assessment of glyphosate — an
assessment based on the scientific analysis conducted by CARC. Furthermore, EPA’s apparent
mishandling of this report may shed light on larger systemic problems occurring at the agency.
In order to assist the Committee in its oversight of the EPA’s assessment of glyphosate, please

' P.1. Huffstutter, EPA Takes Offline Report that Says Glyphosate Not Likely Carcinogenic, Reuters, May 2, 2016,
available at hitp:/fwww reuters.com/article/us-usa-glyphosate-epa-idUSKCNOXUO K.
% Evaluation of the Carcinogenic Potential of Glyphosate, Final Report, Cancer Assessment Review Committee,
U.S.EPA, Oct. 1, 2015, available ar http://src.bna.com/eAl
* P.J. Huffstutter, EPA Takes Offline Report that Says Glyphosate Not Likely Carcinogenic, Reuters, May 2, 2016,
fvait’able at hitp:/iwww reuters.com/article/us-usa-glyphosate-epa-idUSKCNOXUOIK,

Id.
$ Evaluation of the Carcinogenic Potential of Glyphosate, Final Report, Cancer Assessment Review Committee,
BS. EPA, Oct. 1, 2013, available at http://src.bna.com/eAl

id.
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The Honorable Gina McCarthy
May 4, 2016
Page 2

provide all documents and communications from January 1, 2015, to the present, referring or
relating to the CARC report on glyphosate by 5:00 p.m. on May 18, 2016.

The Committee on Science, Space, and Technology has jurisdiction over environmental
and scientific programs and “shall review and study on a continuing basis laws, programs, and
Government activities” as set forth in House Rule X,

The Committee requests that you provide the requested documents and information, in
electronic format. An attachment to this letter provides details on producing documents to the
Committee.

If you have any questions about this request, please contact Joseph Brazauskas or Taylor
Jordan of the Science, Space, and Technology Committee staff at 202-225-6371. Thank you for
your attention to this matter.
Sincerely,

Lamar Smith
Chairman

ce: The Honorable Eddie Bernice Johnson, Ranking Minority Member, House Committee on
Science, Space and Technology '
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To: Jones, Jim[Jones.Jim@epa.gov]; Wise, Louise[Wise.Louise@epa.gov}; Mojica,
Andrea[Mojica.andrea@epa.gov}

From: Strauss, Linda

Sent: Wed 5/4/2016 8:09:45 PM

Subject: FW: Letter to Administrator McCarthy

05.04.06 SST Letter to Administrator McCarthy re CARC.pdf

From: Perlis, Robert

Sent: Wednesday, May 04, 2016 3:59 PM

To: Strauss, Linda ; Mojica, Andrea

Subject: FW: Letter to Administrator McCarthy

FYI — this came in today on the glyphosate CARC paper.

Bob Perlis

Pesticides and Toxic Substances Law Office

Office of General Counsel

US EPA

(202) 564-5636

From: Mitchell, Stacey

Sent: Wednesday, May 04, 2016 2:12 PM

To: Mclean, Kevin <Mclean.Kevin@epa.gov>; Perlis, Robert <Perlis.Robert@epa.gov>

Cc: Rackoff, Jonathan <Rackoff Jonathan@epa.gov>
Subject: FW: Letter to Administrator McCarthy

FYI

Stacey H. Mitchell

Deputy General Counsel

U.S. Environmental Protection Agency

(202) 564-7614

From: Dickerson, Tom

Sent: Wednesday, May 04, 2016 1:55 PM

To: Distefano, Nichole <DiStefano. Nichole@epa.gov>; Brown, Tristan
<Brown.Tristan@epa.gov>; Aarons, Kyle <Aarons Kvle@epa.gov>; Asher, Jonathan

<Asher. Jonathan@epa.gov>; Mitchell, Stacey <Mitchell.Stacev@epa.gov>; Rackoff, Jonathan
<Rackoff.Jonathan(@epa.gov>; Sublett, Stacey <Sublett.Stacey@epa.gov>
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Cc: Moody, Christina <Moody.Christina@epa.gov>; Williams, Thea
<Williams. Thea@epa.gov>
Subject: FW: Letter to Administrator McCarthy

A new Smith letter about the Roundup study, asking for document. Assuming Is this primarily an
ORD report?

Tom Dickerson
Office of Congressional Relations
U.S. Environmental Protection Agency

(202) 564-3638

From: Brazauskas, Joseph [mailto:Joseph. Brazauskas@mail house.gov]

Sent: Wednesday, May 04, 2016 1:33 PM

To: Dickerson, Tom <Dickerson. Tom@epa.gov>; Aarons, Kyle <Aarons.Kyle@epa.gov>
Cc: Marin, Mark <Mark Marin@mail.house.gov>; Jordan, Taylor
<Taylor.Jordan@mail . house.gov>; Callen, Ashley <Ashley.Callen@mail house.gov>
Subject: Letter to Administrator McCarthy

Tom

2

Please find attached a letter from Chairman Smith to Administrator McCarthy. Please confirm
receipt.

Thank you,

Joe

Joseph A. Brazauskas

Senior Counsel

Committee on Science, Space and Technology
Lamar Smith, Chairman

P: (202) 225-6371
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LAMAR 8. SMITH, Texas EDDIE BERNICE JOHNEON, Texas
CHAIRMAN RANKING MEMBER

Congress of the Wnited Dtates
Howse of Representatioes.

- COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY
2321 RaysuRrN House OFFICE BUILDING
WasHiNGTON, DC 205156301
{202) 225-6371

www.sclence house.gov

May 4, 2016

The Honorable Gina McCarthy
Administrator

U.S. Environmental Protection Agency
1200 Penngylvania Avenue, NW
Washington, D.C. 20460

Dear Administrator McCatthy:

The Committee on Science, Space, and Technology is conducting oversight of U.S.
Environmental Protection Agency’s (EPA) risk analysis prepared by the Cancer Assessment
Review Committee (CARC). According to recent media reports, on April 29, 2016, EPA posted
what ap1pears to be the final risk assessment for glyphosate prepared by CARC (the CARC
report).” The CARC report indicates that glyphosate is “Not Likely to be Carcinogenic to
Humans.™ Press reports indicate that EPA removed this document on May 2, 2016.”
Subsequently, EPA has asserted that the analysis of glyphosate is not final and that the
documents were posted “inadvertenﬂy,”“

The Committee has reviewed the CARC report and point out that it is clearly marked as a
“Final Report.” The report also contains the signatures of thirteen members of CARC.®
However, EPA’s removal of this report and the subsequent backtracking on its finality raises
questions about the agency’s motivation in providing a fair assessment of glyphosate — an
assessment based on the scientific analysis conducted by CARC. Furthermore, EPA’s apparent
mishandling of this report may shed light on larger systemic problems occurring at the agency.
In order to assist the Committee in its oversight of the EPA’s assessment of glyphosate, please

' P.1. Huffstutter, EPA Takes Offline Report that Says Glyphosate Not Likely Carcinogenic, Reuters, May 2, 2016,
available at hitp:/fwww reuters.com/article/us-usa-glyphosate-epa-idUSKCNOXUO K.
% Evaluation of the Carcinogenic Potential of Glyphosate, Final Report, Cancer Assessment Review Committee,
U.S.EPA, Oct. 1, 2015, available ar http://src.bna.com/eAl
* P.J. Huffstutter, EPA Takes Offline Report that Says Glyphosate Not Likely Carcinogenic, Reuters, May 2, 2016,
fvait’able at hitp:/iwww reuters.com/article/us-usa-glyphosate-epa-idUSKCNOXUOIK,

Id.
$ Evaluation of the Carcinogenic Potential of Glyphosate, Final Report, Cancer Assessment Review Committee,
BS. EPA, Oct. 1, 2013, available at http://src.bna.com/eAl

id.
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The Honorable Gina McCarthy
May 4, 2016
Page 2

provide all documents and communications from January 1, 2015, to the present, referring or
relating to the CARC report on glyphosate by 5:00 p.m. on May 18, 2016.

The Committee on Science, Space, and Technology has jurisdiction over environmental
and scientific programs and “shall review and study on a continuing basis laws, programs, and
Government activities” as set forth in House Rule X,

The Committee requests that you provide the requested documents and information, in
electronic format. An attachment to this letter provides details on producing documents to the
Committee.

If you have any questions about this request, please contact Joseph Brazauskas or Taylor
Jordan of the Science, Space, and Technology Committee staff at 202-225-6371. Thank you for
your attention to this matter.
Sincerely,

Lamar Smith
Chairman

ce: The Honorable Eddie Bernice Johnson, Ranking Minority Member, House Committee on
Science, Space and Technology '
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To: Jones, Jim[Jones.Jim@epa.gov]

From: Distefano, Nichole
Sent: Mon 5/9/2016 1:52:35 PM
Subject: FW.

Ex. 5 - Deliberative Process

Nichole Distefano

Associate Administrator

Office of Congressional and Intergovernmental Relations
Environmental Protection Agency

(202) 564-5200

Distefano.Nichole@epa.gov

From: Spencer, Peter [mailto:Peter. Spencer@mail .house.gov]
Sent: Monday, May 09, 2016 9:36 AM

To: Distefano, Nichole

Subject:

Nichole, can you give me a call about this?
PESTICIDES:

Report touting glyphosate safety published by mistake -- EPA

Published: Tuesday, May 3, 2016

U.S. EPA yesterday posted online and then removed a report suggesting glyphosate is unlikely to pose a
cancer risk to humans.

The 86-page report was removed because it was not complete, EPA said. The agency said the
assessment "is not final" and was posted inadvertently.

The document from EPA's cancer assessment review committee found glyphosate, the active ingredient
in the pesticide Roundup, was "not likely to be carcinogenic to humans."

Though EPA said the report was incomplete, its pages were stamped "FINAL" and dated Oct. 1, 2015.

EPA is reviewing the registration of glyphosate. The chemical has been the subject of intense scrutiny
because of its widespread use and findings by the International Agency for Research on Cancer that it is
a human carcinogen (Greenwire, July 15, 2015).

A reporter from Bloomberg BNA first posted a link to the documents yesterday on Twitter (P.J. Huffstutter,
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Reuters, May 2). -- SP

Peter L. Spencer

Majority Professional Staff
Oversight and Investigations
Committee on Energy and Commerce
U.S. House of Representatives

(202) 225-5736

peter.spencer@mail .house.gov
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To: Housenger, Jack[Housenger.Jack@epa.gov]; Mojica, Andrea[Mojica.andrea@epa.gov}; Jones,
Jim[Jones.Jim@epa.gov}; Wise, Louise[Wise.Louise@epa.gov]; Perlis, Robert[Perlis.Robert@epa.govl;
Strauss, Linda[Strauss.Linda@epa.gov]

Cc: Dinkins, Darlene[Dinkins.Darlene@epa.gov}; Sisco, Debby[Sisco.Debby@epa.gov}

From: Keigwin, Richard

Sent: Tue 5/10/2016 2:48:25 PM

Subject: RE: glyphosate draft response for review

Ex. 5 - Deliberative Process

From: Housenger, Jack

Sent: Tuesday, May 10, 2016 10:45 AM

To: Mojica, Andrea ; Jones, Jim ; Wise, Louise ; Keigwin, Richard ; Perlis, Robert ; Strauss,
Linda

Cc: Dinkins, Darlene ; Sisco, Debby

Subject: RE: glyphosate draft response for review

A few comments

From: Mojica, Andrea

Sent: Tuesday, May 10, 2016 10:32 AM

To: Jones, Jim <Jones.Jim@epa.gov>; Wise, Louise <Wise.Louise@epa.gov>; Keigwin,
Richard <Keigwin Richard@epa.gov>; Perlis, Robert <Perlis.Robert@epa.gov>; Strauss, Linda
<Strauss.Linda@epa.gov>; Housenger, Jack <Housenger. Jack@epa.gov>

Cc: Dinkins, Darlene <Dinkins.Darlenc@epa.gov>; Sisco, Debby <Sisco.Debby@epa.gov>
Subject: glyphosate draft response for review

All

2

Attached is a draft response to Chairman Lamar Smith’s (Committee on Science, Space, and
Technology) glyphosate inquiry. I have attached in the incoming letter to the Administrator as
well. Please let me know if you have any comments by May 12

Thanks,
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To: Jones, Jim[Jones.Jim@epa.gov]; Keigwin, Richard[Keigwin.Richard@epa.gov}

Cc: Housenger, Jack{Housenger.Jack@epa.gov]; Wise, Louise[Wise.Louise@epa.gov}; Perlis,
Robert[Perlis.Robert@epa.govl; Strauss, Linda[Strauss.Linda@epa.gov]; Dinkins,
Darlene]Dinkins.Darlene@epa.gov]; Sisco, Debby|Sisco.Debby@epa.gov}

From: Mojica, Andrea

Sent: Tue 5/10/2016 5:02:38 PM

Subject: RE: glyphosate draft response for review

draft response to Chairman Smith _glyphosate 10 May 2016 OPP comments.docx

Ex. 5 - Deliberative Process

From: Jones, Jim

Sent: Tuesday, May 10, 2016 12:15 PM

To: Keigwin, Richard

Cc: Housenger, Jack ; Mojica, Andrea ; Wise, Louise ; Perlis, Robert ; Strauss, Linda ; Dinkins,
Darlene ; Sisco, Debby

Subject: Re: glyphosate draft response for review

Thx Rick. Jim
Sent from my iPhone

On May 10, 2016, at 10:48 AM, Keigwin, Richard <Keigwin.Richard@epa.gov> wrote:

Ex. 5 - Deliberative Process

From: Housenger, Jack

Sent: Tuesday, May 10, 2016 10:45 AM

To: Mojica, Andrea <Mojica.andrea@epa.gov>; Jones, Jim <Jones.Jim@epa.gov>; Wise,
Louise <Wise Louise@epa.gov>; Keigwin, Richard <Keigwin. Richard@epa.gov>; Perlis,
Robert <Perlis.Robert@epa.gov>; Strauss, Linda <Strauss.Linda@epa.gov>

Cc: Dinkins, Darlene <Dinkins.Darlene@epa.gov>; Sisco, Debby <Sisco.Debby@epa.gov>
Subject: RE: glyphosate draft response for review
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A few comments

From: Mojica, Andrea

Sent: Tuesday, May 10, 2016 10:32 AM

To: Jones, Jim <Jones Jim@epa.gov>; Wise, Louise <Wise.Louise@epa.gov>; Keigwin,
Richard <Keigwin. Richard@epa.gov>; Perlis, Robert <Perlis. Robert@epa.gov>; Strauss,
Linda <Strauss.Linda@epa.gov>; Housenger, Jack <Housenger Jack@epa.gov>

Cc: Dinkins, Darlene <Dinkins.Darlenc@epa.gov>; Sisco, Debby <Sisco.Debby@epa.gov>
Subject: glyphosate draft response for review

All

2

Attached 1s a draft response to Chairman Lamar Smith’s (Committee on Science, Space,
and Technology) glyphosate inquiry. I have attached in the incoming letter to the
Administrator as well. Please let me know if you have any comments by May 12
Thanks,

Andrea
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To: Mojica, Andrea[Mojica.andrea@epa.gov}; Jones, Jim[Jones.Jim@epa.gov}; Keigwin,
Richard[Keigwin.Richard@epa.gov]

Cc: Wise, Louise[Wise.Louise@epa.gov]; Perlis, Roberi[Perlis.Robert@epa.gov}; Strauss,
Linda[Strauss.Linda@epa.gov}; Dinkins, Darlene[Dinkins.Darlene@epa.govl; Sisco,
Debby[Sisco.Debby@epa.gov]

From: Housenger,